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PREFACE   TO   SECOND  EDITION 

This  work  was  originally  planned  by  Mr.  Simmons, 
and  was  intended  to  afford  general  information  upon  the 
preparation,  properties  and  meaning  of  the  analytical 
characters  of  oils  and  fats.  It  was  not  meant  to  replace 
the  larger  text-books  on  the  subject,  but  rather  to  enable 
chemists  with  only  a  slight  knowledge  of  the  chemistry 
of  oils  and  fats  to  apply  the  tests  most  commonly  used, 
and  to  interpret  their  analyses,  at  all  events  in  the  more 
simple  cases. 

Unfortunately,  owing  to  illness,  Mr.  Simmons  was 
obliged  to  abandon  any  active  part  in  the  work,  which 
was  therefore  finished  by  the  writer.  It  is  necessary  to 
mention  these  facts,  because,  whilst  the  first  edition 
might  be  regarded  as  the  joint  work  of  two  authors,  the 
writer  is  solely  responsible  for  the  additions  to  the  present 
edition. 

These  additions  include  an  extension  of  the  chapter 
on  margarine,  and  a  new  chapter  dealing  with  hydro - 
genated  oils,  both  of  which  will,  it  is  hoped,  add  to  the 
usefulness  of  the  book.  A  summary  has  also  been  given 
of  recent  work  on  the  so-called  vitamines. 

C.  A.  M. 

LondoUy 

Febniarif,  t9ii1. 
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EDIBLE  FATS  AND  OILS 

CHAPTER  I 
INTRODUCTION 

Fat  as  Food — Physiological  Considerations — Vitamines — Constitution 
of  Fats  and  Oils — Analytical  Values  or  Constants. 

The  food  of  man  may  be  divided  broadly  into  two  classes, 
nitrogenoics,  or  flesh-forming,  which  is  mainly  of  animal 
origin,  and  carbonaceous,  or  energy -producing,  derived 
both  from  the  animal  and  vegetable  kingdoms.  Besides 
nitrogen  and  carbon,  many  other  elements,  of  course, 
such  as  phosphorus,  calcium,  iron,  etc.,  normally  enter 
into  the  composition  of  human  food,  but  the  nitrogen 
and  carbon  constitute  the  chief  ingredients  thereof,  and 
are  absolutely  necessary  to  maintain  the  body  in  a  healthy 
and  efficient  state. 

There  is  an  almost  infinite  variety  of  forms  in  which 
carbon  may  be  taken  into  the  stomach,  but  the  vast 
majority  of  carbonaceous  foods  may  be  classified  in  two 
great  chemical  families  :  (1)  the  carbohydrates,  com- 
prising starch,  sugar,  and  similar  substances,  which 
consist  of  carbon,  hydrogen,  and  oxygen,  the  two  latter 
in  quantities  having  the  same  ratio  as  in  water;  and 
(2)  the  oils  and  fatSy  with  which  in  the  present  volume 
it  is  proposed  to  deal. 

Physiological  Considerations. — The  primary  function  of 
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carbon-con taiiiing  food  is,  by  its  combustion,  to  produce 
heat  or  other  form  of  energy.  The  combustion  of  1  gram 
of  carbon  to  carbon  dioxide  produces  8080  calories;  of 
1  gram  of  hydrogen  to  water,  34,462  calories ;  whilst  the 
presence  of  oxygen  actually  reduces  the  calorific  value 
of  the  substance.  Hence  the  higher  the  proportion  of 
carbon,  and  lower  the  amount  of  oxygen,  the  greater  will 
be  the  heat-producing  power  of  a  food ;  and  since  fats 
are  much  richer  in  carbon  than  starch  or  sugar,  containing 
about  2^  times  as  much,  they  constitute  the  most  con- 
centrated form  in  which  fuel  can  be  supplied  to  the  body. 
In  the  case  of  animal  fats,  carbon  in  the  form  of  carbo- 
hydrate is  converted  into  fat  by  the  animal  organism, 
and  is  thus  rendered  more  suitable  for  the  food  of  man ; 
as  although  man  in  his  internal  economy,  principally  by 
means  of  his  liver,  is  quite  capable  of  himself  transforming 
starchy  matter  into  fat,  in  so  doing  he  expends  a  certain 
amount  of  energy.  Moreover,  the  human  stomach  is 
relatively  smaller  than  that  of  an  animal,  and  therefore 
a  more  liighly  concentrated  form  of  carbon-containing 
food  is  desirable.  Dripping  is  especially  rich  in  carbon, 
containing  over  10  per  cent,  more  than  does  butter  or 
Buet,  and  it  is  regrettable  that  the  use  of  dripping,  for- 
merly so  popular  among  the  working  classes,  has  now 
become  so  largely  a  thing  of  the  past. 

The  average  relative  proportions  of  fat  and  carbo- 
hydrate in  the  food  of  man  vary  with  the  climate,  and 
are  also  governed  to  a  considerable  extent  by  their 
availability.  Thus  in  very  hot  regions  carbohydrates 
predominate,  whilst  in  colder  countries  chiefly  fat  is 
consumed.  The  Eskimo  takes  almost  all  his  carbon  in 
the  form  of  oil  and  fat,  whereas  the  Indian  or  Chinese 
subsists  mainly  on  carbohydrates.     In  this  country  tho 
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proportions  recommended  by  physiologists,  though  vary- 
ing sHghtly,  are  about  1  part  of  fat  to  10  parts  of  carbo- 
hydrates, the  amount  of  fat  desirable  being  sUghtly 
higher  in  winter  than  in  summer. 

Besides  its  value  as  a  heat  or  energy  producer,  the 
presence  of  a  proportion  of  fat  in  human  food  is  important 
in  other  ways,  for  the  "  food  value  "  of  any  substance 
depends  not  only  upon  its  composition,  but  also  on  its 
digestibility  and  palatabiUty;  and  whilst  fats  are  much 
more  readily  assimilated  than  carbohydrates,  they  also 
render  more  palatable,  and  assist  in  the  digestion  of, 
other  articles  of  food. 

Butter  is  the  most  easily  digested  of  all  fatty  foods, 
and  in  cases  where  a  fat  diet  is  necessary,  up  to  J -lb.  of 
butter  can  be  absorbed  per  diem.  Margarine,  which  is 
usually  made  to  approximate  fairly  closely  to  butter  in 
composition,  except  in  so  far  as  the  butter  contains 
butyric  and  other  volatile  fatty  acids  in  larger  propor- 
tion, should  be  as  digestible  as  butter,  and  is  almost 
universally  agreed  to  be  so. 

Yet  another  useful  purpose  served  by  a  proportion  of 
fatty  food  consists  in  facilitating  the  passage  of  mas- 
ticated food  to  the  stomach,  and  of  the  refuse  matter 
through  the  bowel. 

Vitamines. — Certain  substances  of  ill-defined  chemical 
constitution  have  been  shown  to  be  essential  for  the 
growth  and  development  of  the  young  and  for  the  main- 
tenance of  health  in  the  adult.  These  substances, 
which  have  somewhat  inaptlj^  been  termed  vitamines,  are 
widely  distributed  in  vegetable  products.  Some  are 
soluble  in  water,  and  occur  to  a  pronoimced  extent  in 
vegetables  such  as  onions  and  in  cereals,  whilst  others 
are  soluble  in  fats.     Vitamines  of  the  latter  kind  are 
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present  in  most  animal  fats  (with  the  curious  exception 
of  lard),  and  for  this  reason  animal  fats,  such  as  butter 
or  animal  oils,  have  a  growth -stimulating  property, 
which  is  absent  from  most  vegetable  fats  or  the  margarine 
prepared  exclusively  from  them. 

Animals  fed  upon  substances  deficient  in  this  factor 
are  much  more  liable  to  the  attack  of  bacteria  than 
those  whose  food  contains  a  proper  proportion  of 
vitamines. 

The  growth -promoting  factor  in  butter  fat  or  whale 
oil  is  destroyed  by  heating  the  fat  for  an  hour  at  100®  C, 
or  for  a  longer  time  at  a  somewhat  lower  temperature. 

The  component  of  the  fat  to  which  the  activity  is 
due  has  not  been  identified  with  any  of  the  known  con- 
stituents, such  as  the  pigment,  phosphatic  substances, 
etc. 

Constitution  of  Fats  and  Oils.— The  difference  between 
a  fat  and  an  oil  is  entirely  dependent  upon  temperature, 
a  fat  becoming  an  oil  when  it  is  melted,  and  an  oil  a  fat 
when  soUdified.  The  term  oil  is  used  for  substances 
differing  widely  both  in  composition  and  properties,  but 
all  the  fats  and  oils  used  for  edible  purposes  are  of  the 
same  general  type  of  constitution,  viz.  esters  or  salts  of 
glycerin  \iith  one  or  more  fatty  acids,  which  are  termed 
**  glycerides."  Their  composition  was  first  placed  on  a 
scientific  basis  by  Chevreul,  who  in  the  early  part  of  the 
last  century  showed  that  when  a  fat,  such  as  tallow  or 
lard,  was  converted  into  soap  by  the  action  of  sodium 
or  potassium  hydroxide,  the  fat  was  decomposed  into 
glycerin  and  fatty  acids,  the  latter  combining  with  the 
alkali  to  form  the  soap,  while  the  glycerin,  remaining 
free,  was  separated  in  the  lyes.  The  three  glycerides  of 
most  frequent  occurrence  are  stearin  and  palmitin  (of 
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which  tallow  chiefly  consists)  and  olein  (the  principal 
constituent  of  olive  oil),  and  the  action  of  sodium 
hydroxide  on  these  may  be  represented  by  the  following 
equations  : — 


i 


CH2OOC18H35  CH2OH 
HOOC18H35  -f  3NaOH  =  SNaOOCisHgs  +  CHOH 

CH1OOC18H35  CH2OH 

/cjx      •   V               (Sodium  (Sodium              /ni„«^,^„\ 

(Stearm)             i^ydroxide)  stearato)             (Glycenn) 

CH2OOC16H31  CH2OH 

CHOOCieHai  +  3NaOH  =  3NaOOCi6H3i  +  CHOH 

CH2OOC1CH31  CH2OH 

(Palmitin)           ^r^iSL)  pllmt^)            (^^y^^") 


CH2OOC18H33  CHoOH 

CHOOC18H33  +  3NaOH  =  3NaOOCi8H33  +  CHOH 
CH2OOC18H33  CH2OH 

The  conclusions  of  Chevreul  as  to  the  composition  of 
fats  were  subsequently  confirmed  by  Berthelot,  who 
succeeded  in  producing  the  glycerides  synthetically  by 
heating  the  fatty  acids  with  glycerin  under  pressure  in 
sealed  tubes.  Heating  together,  for  example,  stearic 
acid  and  glycerin,  he  obtained  stearin,  according  to  the 
equation  : — 

^CisHggOgH  -f  C3H5(OH)3  =  C3H5(Cj8H3502)3 
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In  view  of  the  fact  that  glycerin  contains  three  hydroxyl 
(OH)  groups  in  which  the  H  is  displaceable  by  an  acid 
radicle,  it  follows  that  compounds  may  be  formed,  in 
which  only  one,  or  two,  or  all  three  of  the  hydrogen 
atoms  are  replaced  by  an  acid,  compounds  of  the  follow- 
ing types  resulting;  where  R  represents  a  fatty  acid 
radicle. 


Monoglyceride  : — 

CH2OR  CH2OH 

(Aljiha)  CHOH  and  (Beta)  CHOR 

I  I 

CH2OH  CH2OH 

Diglyceride  : — 

CHjOR  CH2OR 

(Alpha)  CHOH  and  (Beta)  CHOR 

CH2OR  CH2OH 

Triglyceride  : — 

CH2OR 


[■ 


HOR 

I 
CHjOR 

Intermediate  products,  corresponding  with  the  above 
formula  for  the  mono-  and  di-glycerides,  were  obtained 
by  Berthelot  in  his  syntheses,  but  in  fresh  natural  oils 
and  fat«  glycerides  are  only  met  with  in  which  all  the 
hydrogen  atoms  in  the  hydroxyl  groups  are  displaced  by 
an  acid. 

Formerly  it  was  belit'vcd  that  in  nature  the  acid  radicles 
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combining  with  the  same  molecule  of  glycerin  were  all 
identical,  but  during  the  last  few  years  a  large  number  of 
so-called  '*  mixed  glycerides  "  have  been  discovered  in 
various  oils  and  fats,  which  may  be  represented  by 
the  above  formula  for  the  triglyceride,  if  the  radicles 
denoted  by  R  are  assumed  to  be  not  all  alike.  Among 
these  mixed  glycerides  may  be  mentioned  oleodi- 
palmitin,  C3H5(OCi8H30)  (OCi6H3iO)2;  stearodipalmi- 
tin,  CaH^COCigHasO)  (OCiflH3iO)2;  oleopalmitostearin, 
C3H5(OCi3H330)  (OCieHg^O)  (O0,8H35O);  and  palmito- 
distearin,  C3H5  (OCicHgiO)  (OCi8H350)2  obtained  by 
Hansen,  and  by  Bomer  from  tallow;  stearodipalmitin 
being  also  found  in  goose  and  turkey  fat  by  Klimont 
and  Meisels,  and  palmitodistearin  in  lard  by  Kreis  and 
Hafner. 

Mixed  glycerides  containing  highly  unsaturated  fatty 
acids  have  been  isolated  from  fish  oils,  and  it  is  probable 
that  the  butyric  acid  present  in  butter  fat  exists  as  a 
mixed  glyceride,  and  not  as  butyrin;  indeed,  mixed 
glycerides  are  claimed  to  have  been  found  in  butter  fat 
by  Bell,  and  Blyth,  and  Harrison  respectively. 

It  is  a  remarkable  fact  that  the  fatty  acids  occurring 
in  natural  oils  and  fats  appear  always  to  contain  an  even 
number  of  carbon  atoms.  Although  fatty  acids,  such  as 
rnargaric  acid,  Ci^li.;^fi.^,  have  been  made  synthetically, 
their  alleged  occurrence  in  oUve  oil  and  palm  oil  has  not 
been  confirmed,  and  the  preparations  isolated  by  Holde 
and  Stange  have  been  shown  to  be  composed  of  mixtures 
of  fatty  acids  containing  an  even  number  of  carbon 
atoms. 

The  following  are  the  chief  pure  triglycerides,  together 
with  their  source,  formula?,  and  more  important 
constants  : — 
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Ol7otfkl0. 

Ponnula. 

Batyrin. 

C,H,(OC,H,0), 

laovalerin. 

CH»(OC.H.O), 

CHVoin. 

C,H4(0C,H„0), 

Caprylin. 

C.H,(OC,H„0), 

Cftprin. 

C,H,(OC,oH„0), 

Laorin. 

C,H,(OC„H„0), 

Myristin. 

C,H,(OChH„0), 

Pftlmitin. 

C,H»(OC„H„0), 

Stearin. 

C,H,(0CjeH„0)3 

Olein. 

C3H,(0C,«H„0), 

Rioinolein. 

C,H,(OC,,H„0,), 

Chief  Occurrence. 


Butter  fat. 

Porpoise,  dolphin 

and  whale  oils. 
Coconut  and 

palm-nut  oils. 
Coconut  and 

palm-nut  oils. 
Coconut  and 

palm-nut  oils. 
Coconut  and 

palm-nut  oils. 
Nutmeg  butter, 

Butter  fat. 
Palm  oil,  lard. 

Tallow,  lard, 
cacao  butter. 

Olive  and  almond 
oils. 

Castor  oil. 


Melting 
point, 

"0. 


Liquid  at 
-60 


-26 

-8-3 

311 

45 

56-5 

63-64 

71-6 

Solidifies  at 
-6 


Befrac* 

tlve 

Index,  at 

60"  C. 


1-42016 

1-42716 
1-43316 
1-43697 
1-44039 
1-44286 


100-7 
114-7 
128-7 
166-7 
184-7 
212^ 
240-7 
268-7 
296-7 
294-7 
310-7 


It  will  be  observed  that  butyrin  and  olein  are  both 
liquid  at  ordinary  temperatures,  whilst  stearin  and 
palmitin  have  comparatively  high  melting  points.  Fats 
such  as  tallow  or  palm  oil,  therefore,  in  which  the  pro- 
portion of  these  latter  is  high,  are  firm  and  hard,  the 
degree  of  hardness  increasing  ^vith  the  percentage  of  these 
glycerides. 

Butyrin  (Tributyrin)  may  be  obtained  by  heating 
together    butyric    acid    and    glycerin    under    pressure. 

According  to  Scheij  its  specific  gravity  is  d   o  =  1-0324, 


and  a  .^ 


0-9963.    It  is  almost  insoluble  in  water,  and 


has  an  intensely  bitter  taste. 

Laurin  (Trilaurin)  may  be  produced  by  heating  to- 
gether lauric  acid  and  glycerin.     It  is  readily  soluble  in 


INTRODUCTION  9 

ether,  but  only  slightly  so  in  cold  absolute  alcohol,  and 

crystallises  in  needles,  melting  at  45-46®  C,  and  having, 

60** 
according  to  Scheij,  the  specific  gravity  d  .^  —  0-8944. 

Myristin  (Trimyristin)  may  be  isolated  from  nutmeg 

butter   by   fractional   distillation   in   vacuo,   or   can    be 

prepared  by  heating  together  myristic  acid  and  glycerin. 

It  crystallises  in  laminae,  which  on  heating  first  melt  at 

56-5°  C,  but  again  solidify,  as  the  temperature  is  further 

raised,  at  57-58°  C.     The  product  then  has  a  melting  point 

of  45-55®  C.     Its  boiling  point  in  vacuo  is  290-300°,  and 

60° 
its  deasity  d  ^^  =  0-8848. 

Palmitin  (Tripalmitin)  may  be  prepared,  artificially  by 
heating  together  palmitic  acid  and  glycerin,  repeatedly 
boiUng  the  product  with  alcohol,  and  allowing  it  to 
crystalUse,  when  greasy  scales  are  obtained,  having  a 
peculiar  pearly  appearance.  The  effect  of  heat  on  palmi- 
tin is  somewhat  curious,  indicating  the  existence  of 
distinct  modifications.  Thus  when  heated  to  46°  C.  it 
liquefies,  but  again  becomes  solid  on  further  raising  the 
temperature,  melting  once  more  at  61-7°  C,  and  becoming 
cloudy,  with  separation  of  crystalline  particles.  Further 
increase  of  temperature  to  63°  C.  renders  the  liquid  clear, 
and  this  temperature  is  regarded  as  the  true  melting 
point.  After  melting  and  re-soUdifying,  palmitin  pos- 
sesses no  crystalline  fracture. 

Stearin  (Tristearin)  may  be  separated  from  tallow  by 
dissolving  it  in  ether  and  allowing  it  to  crystallise,  when 
small  crystals  separate,  having  a  bright  pearly  lustre. 
Stearin  when  heated  also  shows  the  existence  of  two 
modifications.  Thus,  on  raising  the  temperature  to 
65°   C,   stearin  liquefies,   but  again  becomes   solid  on 
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further  increasing  the  temperature  until  71'6®  C.  is  reached, 
when  it  again  melts.  If  this  liquid  is  further  heated  to 
76®  C,  and  then  allowed  to  cool,  soUdification  does  not  take 
place  until  the  temperature  has  fallen  to  55®  C,  but  if, 
after  attaining  71-6®,  it  is  immediately  cooled,  it  will 
solidify  at  70®  C. 

Olein  (Triolein)  is  one  of  the  most  widely  distributed 
natural  glycerides,  and  may  be  prepared  in  an  impure 
form  from  oUve  oil  by  separating  the  soUd  glycerides  by 
cooling.  After  maintaining  the  oil  at  a  low  temperature 
for  several  days,  and  separating  the  liquid  portion,  the 
latter  may  be  freed  from  traces  of  stearin  and  pal  mi  tin 
by  solution  in  alcohol.  Olein  may  also  be  produced 
artificially  by  heating  together  oleic  acid  and  glycerin. 
It  is  an  odourless,  colourless,  and  tasteless  oil,  which  may 
be  distilled  in  vacuo,  without  decomposition,  but  which 
rapidly  absorbs  oxygen  from  the  air  and  becomes 
rancid. 

As  already  stated,  the  natural  glycerides  of  which 
edible  fats  and  oils  are  composed,  consist  of  combinations 
of  glycerin  with  various  fatty  acids.  These  may  be 
separated  by  sajjonifying  the  fat  or  oil  with  sodium  or 
potassium  hydroxide,  dissolving  the  resulting  soap  in 
hot  water,  and  adding  sufficient  dilute  sulphuric  acid  to 
decompose  the  soap,  when  an  oily  layer  gradually  rises 
to  the  surface.  This  when  melted  by  gentle  heat  and 
washed  free  from  mineral  acid,  is  soluble  in  alcohol  and 
reddens  blue  litmus  paper.  It  consists  of  the  insoluble 
fatty  acids  of  the  fat,  those  soluble  in  water,  such  as 
acetic,  propionic,  butyric,  caproic,  capryhc,  and  capric 
acids,  remaining  for  the  most  part  dissolved  in  the 
aqueous  jwrtion  undcnieath. 

All  the  acids  naturally  present  in  fats  and  oils  are 
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monobasic,  i.e.  contain  only  one  carboxyl  (COOH) 
group,  but  they  may  be  arranged  in  six  classes  or  homo- 
logous series,  based  on  their  chemical  constitution,  these 
series  having  the  following  general  formulae  : — 


I.  Stearic  Acid  Series 

II.  Oleic  Acid  Series 

III.  Linolic  Acid  Series 

IV.  Linolenic  Acid  Series 


aH,„^,COOH. 
aH,„.,COOH. 
C„H,„  3COOH. 
C„H3„..C00H. 


V.  CI upanodonic  Acid  Series  .   C^Han  7COOH. 
VI.  Ricinoleic  Acid  Series        .    C„H2„.2(OH)COOH. 

The  more  important  members  of  these  series,  together 
with  their  formulae,  melting  points,  and  principal  sources, 
are  given  in  the  following  tables  : — 


/.  Stearic  Series 


Acid. 

Formula. 

Meltinj? 
point,  °C. 

Found  in—                         ] 

i 

Acetic. 

CH5COOH 

17 

Macassar  oil. 

Butyric. 

CaHXOOH 

... 

Butter,  macassar  oil. 

Isovaleric. 

C^HoCOOH 

... 

Porpoise  and  dolphin  oils. 

Caproic. 

CsHi.COOH 

Butter,  coconut  oil. 

Caprylic 

C;H,5C00H 

i'5 

Butter,  coconut     oil,     Liraburg 

cheese. 
Butter,  coconut  oil. 

Capric. 

a,H,5,C00H 
C„Hj3C00H 

30 

Laurie. 

44 

Coconut  oil,  palm  kemd  oil. 

Myristic. 

CisHa^COOH 

54 

Nutmeg  butter,  liver  fat,  coco- 
nut oil,  dika  fat,  croton  oil.        ' 

Palmitic. 

C15H3.COOH 

02-5 

Palm  oil.  most  animal  fats. 

Stearic. 

C17H35COOH 

t)9 

Tallow,  lard,  most  solid  animal 
fats. 

Arachidic. 

Ci9H3,COOH 

75 

Arachis  or  earth-nut  oil,  rape 
and  mustard-seed  oiU. 

Behenic. 

CJ1H43COOH 

... 

Ben  oil,  black  mu.stard-seed  oil, 

Lignoceric. 

C„H„COOH 

80-5 

rape  oil. 
Arachis  oil. 

Camaubic. 

C,3H4,COOH 

... 

Carnauba  wax. 

Hysenic. 

C24H4,COOH 

... 

Hyapna  fat.     (  ?) 

Cerotic. 

C25H51COOH 

78 

Beeswax,  spermaceti. 

Melissic 

Cj,H5,C00H 

89 

Beeswax. 
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The  acids  of  this  series  are  all  what  is  termed  "  saturated 
compounds,"  i.  e.  they  do  not  form  addition  compounds 
when  brought  in  contact  with  bromine,  iodine,  or  ozone. 
The  two  first  are  liquid  at  ordinary  temperatures,  distil 
unchanged  under  atmospheric  pressure,  and  are  miscible 
with  water  in  all  proportions.  The  next  four  are  more 
or  less  soluble  in  water,  and  readily  distil  with  steam, 
as  does  also  lauric  acid,  though  the  latter  is  practically 
insoluble  in  cold  water,  and  only  dissolves  very  slightly 
in  boiling  water.  These  first  seven  acids  are  termed 
Volatile  Fatty  Acids,  and  on  their  volatility  are  based  the 
Reichert  process  and  its  modifications  and  the  Polenske 
method  for  the  examination  of  butter  fat  for  adulteration, 
tide  pp.  143-166.  The  liigher  acids  of  the  group  are 
solid,  and  are  completely  insoluble  in  water.  All  the 
members  of  the  series  are  readily  soluble  in  warm  alcohol, 
and  undergo  no  change  when  heated  with  solid  caustic 
alkali. 

//.  Oleic  Acid  Series 


Tiglic. 

Moringic. 

Phyaetoleic. 

Ra,.;. . 

1). 

1  <.niiiii  i. 

Melting 
point,  "C. 

Found  In— 

C^HjCOOH 

C„H,,CO()H 

CijH^COOH 

CuH^COOH 

C„H„CO()H 

C,.H„C()()H 

f',i."aiC'()()|f 

c„u„co()n 

04-5 

30 
33 
14 

... 

i-i 

Croton  oil. 
Ben  oil. 

Sperm  oil.     (?) 
Arachis  and  maize  oils. 
Most  oils  and  fata. 
Rape  oil. 

Bottle-noscoil.     (?) 
Mustard  oils,  mnrino  nnimnl  nils, 
rape  oil. 

These  acids  differ  essentially  from  those  of  Series  I.  in 
being  unsaturated,  and  so  combine  directly  with  bromine, 
iodine,   and    ozone.    The   earlier   members   are   readily 
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reduced,  by  the  action  of  sodium  amalgam  in  alkaline 
solution,  to  the  corresponding  acids  of  Series  I.    Thus  : — 

C4H-COOH   +   Ha   =   C4H9COOH 

(Tiglic  acid)      (Hydrogen)     (Valeric  acid) 

This  reduction,  however,  does  not  take  place  in  the 
case  of  the  higher  acids  of  the  series,  and  for  the  reduction 
of  oleic  acid  to  stearic  acid  other  methods  have  to  be 
adopted. 

Acids  of  this  group  may  also  be  converted  into  those  of 
the  Stearic  Acid  Series  by  heating  them  to  300°  C.  with 
solid  potassium  hydroxide,  when  hydrogen  is  also  Uber- 
ated,  the  reaction,  with  oleic  acid,  for  example,  being 
generally  represented  by  the  equation  : — 

C18H34O2  +  2K0H  =  KC2H3O2  +  KC16H31O2  +  H2 

though  since,  as  Edmed  has  shown,  a  considerable  quan- 
tity of  oxaUc  acid  is  also  formed,  the  action  must  strictly 
be  more  complex  than  this  indicates. 

One  of  the  most  important  properties  of  this  group  of 
acids,  and  one  which  is  of  considerable  value  in  judging 
the  purity  of  oUve  oil,  is  the  elaidin  reaction,  which  is 
based  on  the  formation  of  isomeric  acids  of  higher  melting 
point  by  these  acids  when  treated  with  nitrous  acid. 
Oleic  acid,  for  example,  when  acted  upon  by  nitrous  acid, 
yields  elaidic  acid,  melting  at  45°  C,  and  erucic  acid  gives 
brassic  acid,  melting  at  60°  C.  A  similar  reaction  also 
takes  place  with  the  neutral  glycerides  of  these  acids, 
olein  being  converted  into  elaidin,  which  melts  at  32°  C. 

The  lead  salts  of  the  acids  of  this  series  arc  much  more 
soluble  in  ether,  and  the  Uthium  salts  more  soluble  in 
alcohol,  than  those  of  the  stearic  series,  upon  both  of 
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which   properties   processes   have    been    based   for   the 
separation  of  the  sohd  from  the  Uquid  fatty  acids. 

II L  lAnolic  Acid  Series 


Acid. 

Formula. 

C„H„COOH 

C„H„COOH 
C„H„COOH 

Melting 
point,  «0. 

Found  in— 

linolic  . 

Tariric  . 
Telfairic 

Fluid 

50-5 
Fluid 

Linseed,  cotton-seed,  and  maize 

oils. 
Tairiri-seed  oil. 
Telfairia  oil. 

These  acids  are  also  unsaturated,  and  readily  combine 
with  bromine,  iodine,  oxygen,  or  ozone.  They  do  not 
give  an  elaidin  reaction  when  treated  with  nitrous  acid, 
and  their  lead  salts  are  soluble  in  ether. 

IV.  Linolenic  Acid  Series 


Add. 

Formula. 

Found  in— 

Linokmic     . 
Isolinolcnic  . 
Jecoric 

CpH^COOH 
C„H„COOH 
Ci^H^COOH 

Linseed  oil. 
Linseed  oil. 

C<wl-Iiver  and  marine  animal  i 
oilH.                                              1 

These  acids  are  very  similar  in  properties  to  those  of 
the  preceding  series,  but  combine  with  six  atoms  of 
bromine  or  iodine,  whereas  the  latter  only  combine  with 
four  atoms. 

V.  Clupanadonic  Acid  Series 


Add. 

Fommla.                                   Pound  in- 

dupanodonio  Acid 
Unnamed  Acid     . 

C„H„COOH             OKl-liver  oil,  sardine  oil. 
C„H„CO()H        ;      Cod-liver  oil,  herring  oil. 

Tlieee  acids  combine  with  eight  atoms  of  bromine  or 
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iodine.  They  are  liquids  which  rapidly  absorb  oxygen 
from  the  air.  Still  more  unsaturated  acids  have  been 
isolated  from  various  fish  oils. 

VI.  Ricinohic  Acid  Series 


*  Acid. 

Formula. 

^^%.            ^0^^^^^- 

Ricinoleio 

C„H3j(0H)C00H 

4-5               Castor  oil. 

This  acid  combines  with  two  atoms  of  bromine  or 
iodine,  and  when  treated  with  nitrous  acid  is  converted 
into  the  isomeric  ricinelaidic  acid,  which  melts  at  53-53®  C. 
It  differs  from  most  fatty  acids  in  possessing  optical 
activity,  its  specific  rotation  being  [ajo  =  +  6°  25'. 

Alcohols  in  Fats. — Glycerin  or  glycerol  may  be  isolated 
by  saponification  from  the  glycerides  in  oils  and  fats. 
In  the  pure  condition  it  is  a  colourless  oily  liquid,  which 
may  be  obtained  in  crystals  melting  at  22°  C.  It  absorbs 
water  rapidly  from  the  air,  and,  when  strongly  heated, 
is  decomposed  into  acrolein  and  water  : — 

CgHgOa  =  2H2O  +  CgH.O. 

Another  class  of  alcohols,  which  is  present  in  small 
proportion  in  oils  and  fats,  includes  the  crystalline  com- 
pound cholesterol  and  the  isomeric  compound  phytosterol. 
The  former  is  present  in  animal  fats  and  the  latter  in 
vegetable  oils,  and  their  separation  and  identification 
(by  the  crystaUine  form  and  melting  point)  affords  a 
means  of  distinguishing  between  animal  and  vegetable 
fats. 

Analytical  Values  or  Constants. — In  the  tables  of  gly- 
cerides given  in  the  preceding  pages  certain  distinctive 
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physical  and  chemical  characteristics  are  assigned  to  the 
different  individuals.  These  characteristics  are  known 
as  the  analytical  values  or  constants,  and  their  determina- 
tion is  a  most  important  point  in  the  analysis  of  oils 
and  fats,  for  it  frequently  affords  the  means  of  distinguish- 
ing between  oils  which  are  otherwise  of  a  very  similar 
character. 

Physical  Constants. — ^These  include  the  melting  and 
solidification  points  of  the  fat  and  of  the  fatty  acids 
liberated  from  it,  the  latter  being  commonly  termed  the 
"  titre  " ;  the  specific  gravity  compared  with  water  at  a 
definite  temperature  (usually  15-5®  C.  for  oils);  and  the 
refractive  index,  which  is  most  often  determined  by  means 
of  a  special  instrument  known  as  the  hutyro-refracto- 
meter.  In  certain  cases  the  solubility  of  the  fat  in  special 
solvents,  such  as  alcohol  or  acetic  acid,  is  also  determined, 
whilst  in  the  case  of  lubricating  oils,  the  efflux  velocity 
from  a  viscosimeter  (the  viscosity)  is  an  important  factor! 

Chemical  Constants. — The  saponification  equivalent  men- 
tioned in  the  foregoing  tables  indicates  the  exact 
equivalent  weight  of  potassium  hydroxide  required  to 
convert  the  fat  into  a  potassium  salt  and  free  glycerin. 
More  usually  the  result  is  expressed  as  the  sapmiification 
value,  which  indicates  the  amount  of  potassium  hydroxide 
in  milligrams  required  for  the  exact  saponification  of 
one  gram  of  the  oil  or  fat. 

The  Acid  Value. — This  is  usually  not  a  distinctive 
characteristic  of  an  oil  or  fat,  since  the  amount  of  free 
fatty  acids,  which  it  indicates,  largely  depends  upon  the 
conditions  to  which  the  oil  has  been  subjected.  Exposure 
to  light  and  air,  the  presence  of  moisture,  the  action  of 
enzymes  in  the  seed,  and  the  growth  of  moulds,  all  have 
an  influence  on  the  decomposition  of  glycerides  into  free 
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fatty  acids  and  glycerol.  The  amount  of  acid  thus 
liberated  is  sometimes  expressed  as  a  percentage  usually 
.of  oleic  acid,  but  is  more  frequently  given  as  the  acid 
r>alue,  which  represents  the  amount  of  potassium  hydroxide 
in  milligrams  required  to  neutralise  the  free  fatty  acids 
in  one  gram  of  the  sample. 

The  Hehner  Value  indicates  the  percentage  of  fatty 
acids  insoluble  in  water  and  of  unsaponifiable  matter, 
separated  from  an  oil  or  fat  by  Hehner's  process. 

The  Reicheri-Meissl  Value  indicates  the  proportion  of 
soluble  volatile  fatty  acids,  distilled  under  empirical 
conditions  from  five  grams  of  the  fat  by  Meissl's  modi- 
fication of  Reichert's  process. 

The  Polenske  Value  represents  the  proportion  of  volatile 
fatty  acids  insoluble  in  water  separated  from  an  oil  or 
fat  under  the  exact  conditions  specified  by  Polenske. 

The  Iodine  or  Bromine  Value. — ^This  indicates  the 
percentage  of  iodine  or  bromine,  or  of  iodine  chloride 
calculated  as  bromine,  which  the  oil  or  fat  is  capable  of 
absorbing.  As  pointed  out  in  the  follomng  chapter,  it 
affords  a  means  of  classifying  fats  in  accordance  with 
their  degree  of  unsaturation. 

The  Acetyl  Value  represents  the  amount  of  potassium 
hydroxide  in  milligrams  required  to  neutralise  the  pro- 
ducts formed  by  the  acetylation  of  an  oil  with  acetic 
anhydride.  It  affords  a  measure  not  only  of  hydroxylated 
acids  originally  present  in  an  oil  (e.  g.  castor  oil),  but  also 
of  free  alcohols,  oxidised  fatty  acids  and  certain  compounds 
formed  in  the  process  of  rancidity. 

Further  details  of  the  use  of  these  analytical  values 
in  special  cases  are  given  in  the  following  pages. 


CHAPTER  II 

RAW  MATERIALS  USED  IN  THE  MANUFACTURE 
OF  EDIBLE  FATS  AND  OILS 

It  is  unnecessary  to  emphasise  the  absolute  importance 
that  all  materials  used  for  the  preparation  of  edible  fats 
and  oils  should  be  as  fresh,  odourless,  and  free  from  all 
impurities  as  possible.  Albuminous  matter,  which  facili- 
tates the  production  of  rancidity  by  enzymic  action, 
must  be  carefully  removed,  and  freedom  from  any 
appreciable  quantity  of  free  fatty  acids  is  most  essential. 
The  absence  of  these  latter  should  be  sufficient  to  guarantee 
the  absence  of  any  material  rancidity,  which,  though  not 
due  to,  is  generally  accompanied  by  their  production. 

The  general  processes  of  extracting  oils  and  fats,  the 
methods  of  treatment  by  which  freedom  from  odour  and 
free  fatty  acids  is  secured,  are  fully  described  in  the 
next  chapter,  and  in  the  case  of  some  of  the  materials, 
their  preparation  is  dealt  with  more  fully  in  subsequent 
chapters.  The  following  paragraphs  give  briefly  the 
source,  origin,  and  properties  of  the  raw  material  employed 
in  the  industry. 

Classification  of  Oils  and  Fats.— To  facilitate  the  general 
survey  of  the  subject,  and  to  afford  data  for  the  identifi- 
cation of  any  particular  oil  or  fat,  it  is  usual  to  classify 
these  natural  products  into  groups  in  accordance  with 
their  origin,  their  degree  of  unsaturation  as  indicated  by 
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their  iodine  values,  or  according  to  the  proportion  of 
volatile  fatty  acids  which  they  contain. 

There  are  thus  two  main  divisions :  Animal  and 
Vegetable  Fats^  which  are  subdivided  again  into  Liquid 
Fats  or  Oils  and  Solid  Fats.  The  vegetable  oils  are 
conveniently  grouped  into  the  three  classes — non-drying, 
semi-drying,  and  drying  oils,  in  accordance  with  their 
behaviour  on  exposure  in  a  thin  film  to  the  air. 

The  vegetable  fats  are  classified  into  those  which 
approximate  coconut  oil  and  palm-kernel  oil  in  containing 
large  proportions  of  volatile  soluble  and  insoluble  fatty 
acids,  and  vegetable  tallows,  such  as  cacao  butter,  char- 
acterised by  their  higher  proportion  of  non- volatile 
insoluble  fatty  acids. 

Animal  Oils,  such  as  neat's-foot  oil  and  the  like,  are 
the  more  fluid  fats  derived  from  certain  parts  of  animals, 
and  are  distinguished  from  marine  animal  and  fish  oils 
by  their  much  lower  iodine  values,  which  indicate  the 
presence  of  fatty  acids  less  highly  saturated. 

Animal  Fats  are,  in  most  cases,  of  the  type  of  lard  or 
of  tallow,  their  consistence  largely  depending  upon  the 
part  of  the  animal  from  which  they  were  derived.  Cer- 
tain fats  of  this  class,  notably  those  of  wild  animals, 
show  pronounced  drying  properties,  forming  a  hard 
film  when  exposed  to  the  air  in  a  thin  layer. 

Butter  fat  occupies  a  position  in  the  animal  fats 
analogous  to  that  occupied  by  coconut  oil  among  the 
vegetable  fats.^  As  in  all  cases  of  the  classification  of 
natural  objects  this  differentiation  is  by  no  means  a 
sharp  one,  and  certain  fats  might  be  assigned  to  different 
groups  according  to  the  property  which  predominates, 
whilst  others  fall  on  the  border  line  between  two 
classes. 
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The  most  important  classes  of  oils  and  fats  as  sources 
of  food  are  : — 

I.  Animal  Fats  and  Animal  Oils,  excepting  marine- 
animal  oils,  although  whale  oil  is  sometimes  hydrogenated 
into  a  margarine  fat  (cf.  Chapter  IV,  p.  57). 

II.  VegeUible  Oils,  especially  the  non-drying  oils,  typified 
by  olive  cU,  and  the  semi-drying  oils,  typified  by  cotton- 
seed apd  maize  oils,  and  to  a  less  extent  drying  oils, 
typified  by  linseed  oil. 

III.  Vegetable  Fats,  especially  coconut  oil,  palm-kernel 
oil,  various  kinds  of  palm  oil,  cacao  butter,  etc. 

I.  Animal  Fats  and  Oils 

Tallow. — Ordinary  "  dripping  '*  is  simi)ly  an  impure 
form  of  tallow,  but  the  name  "  tallow  "  is  generally  used 
to  denote  the  adipose  fat  or  "  suet  "  from  sheep  and  oxen, 
being  distinguished  in  commerce  as  mutton  or  beef  tallow. 
The  latter  is  somewhat  softer  in  consistency,  and  is  there- 
fore more  usually  employed  in  the  manufacture  of  mar- 
gaiine,  though  mutton  tallow  is  also  occasionally  used. 
*'  Premier  jus  "  consists  of  the  less  firm  constituents  of 
tallow,  separated  from  the  harder  stearin  by  partial 
melting  and  pressure,  as  described  in  Chapter  VII, 
pp.  93-95. 

The  chief  sources  of  imported  tallow  are  Australia,  New 
Zealand,  and  North  and  South  America.  Some  of  the 
carefully  picked  tallow  intended  for  margarine  maldng 
is  shipped  to  England  "  unrendered,"  but  in  some  cases 
the  fat  is  not  only  rendered,  but  also  converted  into 
"  premier  jus  "  abroa<l  before  shipment.  Large  quantities 
of  tallow  are  also  produced  in  Great  Britain,  and  much 
of  the  rough  fat  is  carefully  hand-picked,  rendered 
separately,  and  the  product  sold  for  margarine  malung. 
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The  following  figures  (cf.  p.  16)  have  been  obtained  for 
some  typical  samples  of  tallow  : — 


Tallows. 

SaponiQcatlon 
Value. 

Free  Acidity 

(as  Oleic  Acid) 

per  cent. 

Tltre,»0. 

MuUon  :~ 
Selected  English   . 
Australian    .... 
South  American    . 
North  American    . 

Beef:- 
Selected  EngUsh    . 
Australian    .... 
South  American    . 
North  American   . 

197-6 
197-4 
197-3 
197-5 

197-5 
197-5 
197-3 
197-4 

1-46 

0-48 
111 
1-32 

2-40 
1-68 
0-81 
1-97 

47 
48-3 
*  47 
44 

44 
43-9 
45 
41-5 

Lard. — This  fat,  obtained  from  the  pig,  is  an  important 
constituent  of  many  butter  substitutes,  especially  in  the 
United  States,  whence  most  of  that  imported  into  this 
country  is  obtained.  Its  method  of  preparation  and 
various  qualities  are  fully  described  in  Chapter  VI. 

Lard  Oil,  obtained  by  subjecting  the  softer  varieties  of 
lard  to  hydraulic  pressure  at  a  moderate  temperature,  is 
also  dealt  with  in  Chapter  VI. 

Some  of  the  marine-animal  oils,  such  as  whale  oil,  have 
been  used  in  Germany  as  constituents  of  margarine  after 
hydrogenation  into  solid  fats  (see  Chapter  IV). 


II.  Vegetable  Oils 

Arachis  Oil  (Earth-nut  or  Pea-nut  Oil).  —  This  oil, 
used  occasionally  in  margarine  to  reduce  its  firmness, 
and  a  useful  table  oil,  is  obtained  from  the  nuts  of  Arachis 
hypogcea,  a  herb  cultivated  largely  in  North  America, 
India,  and  Western  Africa.  Most  of  the  oil  is  expressed 
in  Southern  France,  and  its  chief  use  appears  to  be  as  an 
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adulterant  or  substitute  for  olive  oil,  which  it  closely 
resembles  in  many  respects.  The  principal  test  used  for 
its  detection  is  based  upon  the  estimation  of  the  pro- 
portion of  arachidic  acid  (p.  142)  in  the  fatty  acids.  The 
follo\nng  values  have  been  obtained  with  samples  of 
the  refined  oil : — 


Specific 
GraritT 
at  16"  0. 


0-9175-- 
0-9205 


Saponification 
Value. 


186-6—195 


Iodine 
Yalae. 


Acidity  (as 

Oleic  Acid) 

per  cent. 


Titre,  'C. 


87—      I    0-22—6-8        23-5 
100-8    !  28 


Refractive 

Index  at 

20°  0. 


1-4712 


Olive  Oil. — Edible  olive  oil  is  obtained  by  expression 
from  the  fruit  of  the  olive  tree,  and  is  largely  used  as 
salad  oil,  in  cookery,  and  for  tinning  sardines.  OUve 
trees  are  grown  extensively  in  nearly  all  the  countries 
bordering  on  the  Mediterranean  Sea,  also  to  a  considerable 
extent  in  California.  The  oil  obtained  from  their  fruit 
varies  a  good  deal  in  quality,  according  to  its  source, 
oils  from  Leghorn  or  GallipoU  being  the  most  esteemed. 
The  following  values  have  been  recorded  for  genuine 
olive  oils : — 


Specific 
QnTity 
•t  16  'C. 

Saponification 
Value. 

Iodine 
Valoe. 

Acidity  (as 

Oleic  Ackl) 

ptfoant. 

Titre,  "C. 

Refract  iTe 
Index  at 

0-914— 
1        0-918 

1 

185—196 

79— 
91-6 

1-8 

21 

1-4704 

Olive-kernel  Oil  closely  resembles  the  pulp  oil  in  its 
characteristics,  and  if  expressed  soon  after  the  fruit  has 
been  gathered  there  seems  no  reason  why  the  entire  olives 
should  not  be  expressed  (see  p.  104). 

Other  non-drying  oils,  which  are  similar  in  composition 
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are  almond  oil,  chiefly  used  in  pharmacy,  apricot-keiiiel 
and  peach-kernel  oils  used  as  adulterants  of  almond  oil, 
hazel-nut  oil  and  rice  oil. 

Cotton-seed  Oil. — This  is  obtained  by  expression  from 
the  seeds  of  the  various  kinds  of  cotton  tree,  grown 
extensively  in  America,  Egypt,  and  India.  A  consider- 
able quantity  of  the  oil  is  expressed  from  the  seed  in  this 
country,  principally  at  Hull.  The  refined  oil  is  used  in 
making  artificial  butter,  and  also  for  culinary  purposes. 
The  best  cotton- seed  oil,  used  for  margarine  manufac- 
ture, is  sold  under  the  name  of  "  butter  oil." 

The  following  values  have  been  recorded  for  genuine 
samples  of  cotton-seed  oil : — 


Specific  amvity 
at  16-  0. 

Saponification 
Value.  • 

Iodine 
Value. 

Titre,  "C. 

Refractive  Index 
at  20°  C. 

0-9132— 0-9260 

191—195 

109—116 

32-2—37-6 

1-4721 

Maize  Oil,  expressed  from  maize,  and  obtained  chiefly 
from  the  United  States,  where  it  is  commonly  termed 
'*  corn  oil,''  is  used  as  an  edible  oil,  especially  after  hydro- 
genation.  It  is  a  golden  yellow  hquid  with  a  characteristic 
odour  of  the  grain,  and,  like  cotton  oil,  is  a  typical  semi- 
drying  oil.  It  contains  a  considerable  proportion  of 
linolic  acid,  as  is  indicated  by  its  iodine  value. 

Genuine  samples  of  maize  oil  have  given  the  following 
values  : — 


Specific 

Gravity 

at  16 -S"  C. 

Saponifi- 
cation 
Value. 

Iodine 
Value. 

Acidity  (as 

Oleic  Acid) 

per  cent. 

Acetyt 

Value. 

Titre,  »C. 

Befractive 

Index  at 

20»C. 

0-9213- 
0-9268 

188—193 

113— 
128 

0-40 

7-8— 
12-6 

17-2 

1-4766 
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Sesam6  Oil. — This  oil  is  frequently  employed  in  marga- 
rine manufacture,  its  use  to  the  extent  of  10  per  cent, 
being  compulsory  in  Germany  and  other  countries,  in 
order  to  simplify  the  detection  of  adulteration  of  butter 
with  butter  substitutes.  It  is  largely  expressed  in 
Southern  France  from  the  seeds  of  the  sesame  plant, 
which  is  grown  in  the  I^evant,  Lidia,  Japan,  and  West 
Africa. 

Representative  samples  have  given  the  following 
results  : — 


Speciflc 
(iravity 
at  15»  C. 

Saponification 
Value. 

Iodine 
Value. 

Acidity  (as 

Oleic  Acid) 

per  cent. 

TItre,  «0. 

Refractive 

Index  at 

20-0. 

0-ft210— 

0'92(K) 

188—193 

loa- 
ns 

1-84 

21-2— 
23-8 

1-4668 

Soya-bean  Oil  is  expressed  from  the  seeds  of  the  soy 
plant  (Soja  japonica)  which  is  cultivated  in  China,  Japan, 
and  India,  and  is  now  imported  in  large  quantities  into 
this  and  other  European  countries.  It  is  not  only  used 
for  edible  purposes,  but,  as  it  has  fair  drying  properties, 
is  also  used  as  a  substitute  for  linseed  oil  in  paints,  etc. 

It  is  composed  of  the  glycerides  of  oleic  and  linolic 
acids  with  a  smaller  proportion  of  glycerides  of  solid 
fatty  acids.  The  following  values  have  been  recorded 
lor  samples  of  undoubted  purity  : — 


Specific  GraTlty        Saponification 
at  16"  C.  i  Value. 


0-9222— 0-9279     1906— 192-9 


Iodine  Valae. 


118-2—136-4 


Hehner 
Value. 


95-5 


TItre,  '0. 


23—26 


Other  semi-drying  oils,  which  are  used  locally  as  edible 
oils,  include  pumpkin-seed  oil,  and  tomato-seed  oil. 
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Linseed  Oil  is  primarily  used  as  a  drying  medium  for 
paints  and  varnishes,  but  is  also  used  for  food  purposes 
in  Poland,  Russia,  and  other  countries  of  the  Near  East. 
The  flax-plant  is  also  extensively  cultivated  in  Egypt, 
the  United  States,  and  the  Brazils. 

It  is  characterised  by  containing  a  high  proportion  of 
the  glycerides  of  linolenic  and  isolinolenic  acids  (see 
p.  14),  together  with  those  of  linolic  acid,  oleic  acid, 
and  (in  smaller  quantity)  soUd  fatty  acids.  Both  the 
oil  and  the  separated  fatty  acids  yield  insoluble  bromides, 
and  this  is  one  of  the  most  important  tests  of  the  purity 
of  the  oil. 

The  following  values  have  been  recorded  for  pure 
samples  of  hnseed  oil : — 


Specific 
Gravity 
at  16°  0. 

Acid 
Value. 

Saponification 
Value. 

Iodine 
Value. 

Titre.T. 

Refractive 
Index. 

0-9264— 
0-936 

1-1 

187-8— 
192-7 

187— 
202-6 

16-0— 
20-6 

1-466 

Sunflower-seed  Oil  is  expressed  from  sunflower  seeds, 
the  principal  source  of  which  is  Southern  Russia  and 
Caucasia.  If  care  is  taken  in  the  cleaning  and  expression 
of  the  seeds,  an  oil  which  is  fully  equal  to  olive  oils  of  the 
second  grade  is  obtained.  Of  recent  years  the  cultivation 
has  been  extended  to  South  Africa. 

Genuine  specimens  of  sunflower  oil  have  given  the 
following  analytical  values  : — 


Specific  Gravity 
at  15»  C. 

Acidity  (as  Oleic 
Acid)  per  cent. 

Saponification 
Value. 

Iodine  Value. 

Titre,  »0. 

0-924—0-926 

0-81 

188—193-3 

122-6-136 

18—19-8 
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Other  drying  oils  which  are  used  for  food  in  Russia 
are  'poppy  oil  and  hemp  oil,  obtained  from  the  seeds  of 
the  respective  plants,  and  safflower  oil,  which  is  extensively 
used  in  India  both  as  a  drying  and  culinary  oil. 


III.  Vegetable  Fats 

Bassia  Tallow,  also  known  as  mohwah  butter  or  mowrak- 
seeJ  oil,  is  expressed  from  the  seeds  of  Bassia  longifolia ; 
whilst  a  similar  fat,  obtained  from  the  seeds  of  Bassia 
latifolia,  is  known  as  mahua  butter  or  illipe  butter,  the 
commercial  product  usually  consisting  of  a  mixture  of 
the  two  fats. 

Another  Indian  product,  known  as  phulwara  butter,  is 
derived  from  the  seeds  of  an  allied  species,  B.  butyracea, 
whilst  the  Dyaks  of  the  Malay  Peninsula  separate  an 
edible  fat  from  the  seeds  of  B.  mottleyana. 

Samples  of  these  fats  have  given  the  following  values  : — 


Pat  from— 

Specific 
Grarlty  ot 
99716*0. 

Melting 

PointT 

»0. 

Saponifi- 
cation 
Value. 

Beichert 
Valae. 

Iodine 
Value. 

Titre.  °0. 

B 

longifolia  . 

0-8624 

42 

188-4- 
189-8 

— 

60-4— 
62-4 

f  Com- 
\  mercial 
[38—40 

B 

latifolia      . 

.  0-8595 

28—31 

192-2— 
199-9 

0-44— 
0-88 

69-4 

— 

B 

butyracea  . 

0-8970 
(100**  C.) 

188-2 

0-44 

421— 

47-7 

The  fat  derived  from  the  seeds  of  the  Indian  plant, 
Buchanania  latifolia  closely  resembles  niahua  butter  in 
its  characteristics. 

Borneo  Tallow  is  derived  from  the  seeds  of  several 
plants  growing  in  Borneo,  and  notably  Shorea  stenoptera. 
Its  odour  is  somewhat  similar  to  that  of  cacao  butter. 
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for  which  it  is  sometimes  used  as  a  substitute  under  the 
immo  of  green  butter. 

Cacao  Butter  is  expressed  from  the  beans  of  Tlieohroma 
cacao,  which  is  grown  in  Central  America,  and  is  the 
source  of  ordinary  cocoa.  It  is  used  in  pharmacy,  but 
is  principally  employed  in  the  manufacture  of  chocolate 
cream  (vide  Chapter  VIII,  p.  114),  the  supply  of  which  is 
very  much  inferior  to  the  demand.  At  the  ordinary 
temperature  it  is  a  yellowish  white,  brittle  solid,  bleaching 
with  age.  It  has  a  characteristic  odour  of  cocoa,  and 
does  not  easily  become  rancid.  It  is  composed  largely  of 
glycerides  of  saturated  acids  (about  60  per  cent.),  the 
mixed  fatty  acids  containing  about  40  per  cent,  of  stearic; 
acid. 

The  following  analytical  values  were  obtained  with 
samples  of  various  origin  : — 


Melting 

Point, 

»0. 

Specific 
Gravity  at 

Acid 
Value. 

Saponifi- 
cation 
Value. 

Reichert- 
Meissl 
Value. 

Iodine 
Value. 

Titre,  °C. 

Refractive 

Index  at 

60°  0. 

26-6— 
33-6 

0-8677 

10— 2-3 

191-8— 
194-5 

0-2— 
0-83 

32-8— 
41-7 

46— 
49-2 

1-460 

Coconut  Oil  is  a  valuable  solid  fat  obtained  from  the 
nuts  of  the  cocoa  palm  (Cocos  nucifera),  which  grows  in 
all  tropical  countries,  and  is  especially  cultivated  in 
Ceylon,  Cochin  China,  and  the  PhiUppines.  The  fat  is 
either  expressed  on  the  spot,  or  the  dried  kernels  (copra) 
are  exported  and  the  oil  expressed  in  Europe  or  the 
United  States.  It  is  extensively  used  in  the  manu- 
facture of  margarine  and  of  chocolate  cream,  and  is  also 
deodorised  and  sold  undei'  fancy  names  as  a  vegetable 
butter.  There  are  two  principal  commercial  varieties, 
"  Cochin "    and    "  Ceylon,"    the   former   obtained   from 
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Cochin  (Malabar)  or  the  Philippine  Islands,  and  the 
latter  from  Ceylon. 

The  poor  quality  of  the  oil  expressed  from  certain 
grades  of  Philippine  copra  has  been  traced  to  the  action 
of  moulds  prior  to  the  expression.  To  prevent  this, 
rapid  drying  is  necessary. 

Coconut  oil  consists  principally  of  glycerides  of  volatile 
insoluble  fatty  acids,  notably  trilaurin  and  trimyristin, 
and  of  oleic  acid,  with  smaller  amounts  of  palmitin,  caprin, 
and  capryUn.  It  is  therefore  characterised  by  having  a 
relatively  high  Reichert-Meissl  value,  and  a  high  Polenske 
value,  and  these  characteristics  enable  it  to  be  identified 
in  butter  and  other  fats. 

The  following  values  are  typical  of  those  given  by 
coconut  oil  : — 


Pcjnt, 

Specific 
Oravftyat 

Saponifi- 
cation 
Value. 

Roichert- 
MeisHl 
Value. 

Iodine  '    Hehner 
Value.    1    Value. 

Titre,  •€. 

Refractire 

Index  at 

26»C. 

23—28 

0-8736 

253-4— 
262 

6-66— 
7-6 

6-2— 
9-96 

82-36— 
90-6 

21-2— 
26-2 

1-4636— 
1-4640 

Cotton-seed  Stearine. — This  is  the  solid  residue  remain- 
ing when  the  deposit  obtained  from  ordinary  refined 
cotton-seed  oil  by  chilling  is  pressed.  Its  consistence  is 
very  similar  to  that  of  butter,  and  it  is  u.sed  in  the  pre- 
paration of  some  artificial  butters.  The  oil  left  after 
separation  of  the  stearine  is  known  as  "  winter  '*  cotton- 
seed oil. 

Samples  have  given  the  following  results  : — 


Melting 
Foint, 

•a 


30—39 


Spw^fic 
Onvar  at 
W/15*  (X 

Sapooificaikn 

lodtno 
Taloe. 

Acidity  (m 
Oleic  Acid) 
per  cent. 

1 
Titre, -O.    j 

1 

0-8684 

194-8_195 

88-7—03-6 

0-96 

34-9— 361 
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Palm  Oil. — This  is  obtained  from  the  fruit  of  the  palm 
trees  grown  extensively  along  the  West  Coast  of  Africa. 
There  are  many  qualities,  that  from  Lagos  being  the 
best.  The  oil  is  occasionally  employed  in  the  manu- 
facture of  margarine,  to  which  it  imparts  a  yellow  colour. 
Some  years  ago  its  use  was  the  subject  of  an  action  in 
the  United  States  Supreme  Court,  the  decision  of  which 
was  that  palm  oil  must  be  regarded  as  an  artificial  colour- 
ing matter,  and  must  pay  duty  as  such,  even  if  used  as 
a  material  ingredient  to  imi)rove  the  wholesomeness  and 
flavour  of  the  product. 

Commercial  palm  oil  is  usually  a  butter-like  mass, 
varying  in  colour  from  orange-yellow  to  brown,  and 
having  a  distinctive  pleasant  odour,  which  is  lost  when 
the  fat  is  bleached  with  chemical  agents. 

The  following  values  have  been  recorded  : — 


Specific 
Gravity  at 
99"/!  6  S"  0. 

Supouitication 
Value. 

Hehiicr 
Value. 

llfichert 
Value. 

v'lue!           '^it-'-O- 

0-8586 

202—202-5 

95-6 

'      0-5 

51—52-4 

42-5— 45-5 

Palm-kernel  oil  has  long  been  utiUsed  as  an  edible  fat, 
but  for  a  long  time  all  attempts  to  make  use  of  any 
considerable  quantity  of  the  fat  from  the  pulp  of  the 
fruit  (palm  oil)  proved  unsuccessful. 

This  was  not  on  account  of  the  deep  orange  colour  of 
the  fat,  which  could  be  readily  removed  by  oxidation, 
but  owing  to  the  high  proportion  of  free  fatty  acids. 

The  cause  of  this  drawback  was  shown  by  Fickendey 
(Der  Tropenflanzer,  1910,  xiv.  566)  to  be  due  to  the 
presence  of  an  enzyme  in  the  fresh  fruit.  For  instance, 
the  fat  extracted  from  perfectly  fresh  fruit  had  an  acid 
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value  of  94'6  to  116,  which  became  still  higher  if  the 
fruit  was  allowed  to  stand  for  twenty-four  hours  before 
the  extraction  of  the  fat. 

By  heating  the  fruit  this  enzyme  is  destroyed,  and 
the  fat  will  then  show  a  low  acid  value.  Thus  in  four 
instances  in  which  this  was  done  the  acid  value  did  not 
exceed  5-3. 

Fickendey  concluded  from  these  experiments  that  it 
would  be  quite  possible  to  put  a  palm  oil  of  good  quaUty 
upon  the  market,  provided  that  the  following  conditions 
were  observed  : — (1)  Expression  of  fresh,  completely 
ripe  fruit;  (2)  destruction  of  the  enzyme  by  boiling; 
(3)  rapid  treatment  of  the  fruit.  The  last  condition  is 
essential,  owing  to  the  readiness  with  which  micro- 
organisms uill  decompose  the  fat  in  the  heated  fruit. 

Palm-nut  Oil  (Palm-kernel  Oil). — This  fat  is  obtained 
by  expression  or  extraction  in  Europe  from  the  kernels 
of  the  palm-tree  fruit  imported  from  Africa.  It  very 
closely  resembles  coconut  oil  in  character  and  is  used 
for  similar  purposes.  The  following  results  have  been 
obtained  with  normal  samples  of  palm-kernel  oil : — 


SpecUk; 
Ormritr  »t 
9V*fiy  C. 


0-8731 


Mplting 

Point, 

•C. 


Saponifl- 
cation 
Value 


Iodine 
Value. 


Titre.  "C. 


23—28 


243—   '  10-3— 
247     i     17-6 


200— 
26-5 


Rofrmrtive 

Index  at 

26*0. 


1-4553 


Hehner     Reicheit 
Value.        Value. 


911 
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Numerous  species  of  palm  trees  produce  fats,  which 
have  as  yet  hardly  become  commercial  products.  For 
example,  in  the  forests  of  Brazil  there  are  immense  suppUes 
of  fat  from  this  source,  wliich  are  only  just  beginning 
to  be  utilised.  The  fats  derived  from  the  ordinary 
palm  tree  (Elveia  guineensis)  of  Brazil  differ  materially 
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from  those  produced  by  the  corresponding  African  tree. 
The  fruits  of  other  trees  (pulp  or  kernel)  yield  fats  which 
could  well  be  utilised  in  the  manufacture  of  margarine 
or  as  substitutes  for  cacao  butter.  These  include  the 
products  of  various  trees  of  the  Astrocaryum  species, 
the  Anajd  or  koJcerite  palm,  and  Acrocomia  sclerocar'pa, 
growing  in  the  forests  of  Paraguay,  and  the  fruit  of 
which  contains  a  fat  similar  to  palm  oil. 

The  close  resemblances  between  the  chemical  and 
physical  characteristics  of  new  fats  such  as  these,  increase 
the  difficulties  of  fat  analysis,  since  thej'  render  it  practi- 
cally impossible  to  do  more  than  determine  to  which 
class  of  fats  a  given  sample  belongs. 

Shea  Butter. — This  is  extracted  from  the  kernels  of 
Butyrospermum  (or  Ba^^^sia  Parkii),  grown  in  Africa  and 
Eastern  India.  It  is  used  by  the  natives  as  a  food,  and  is 
exported  to  Europe,  where  it  finds  a  use  in  the  manu- 
facture of  lard  substitutes  and  chocolate  fats.  It  is 
somewhat  tough  and  sticky,  and  has  the  following  pro- 
perties, the  proportion  of  unsaponifiable  matter  being 
exceptional. 


Melting 
Point. 

Saponifi- 
cation 
Value. 

Acidity  (as 
Oleic  Acid) 
per  cent. 

Titre,  °0. 
53-2 

Refractive 

Index  at 

60»C. 

Iodine 
Value. 

41-2 

186-9 

8-2 

1-4566 
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CHAPTER  III 

EXTRACTING,  REFINING,  BLEACHING,  AND 
DEODORISING  FATS  AND  OILS 

Separation  of  Oil — Expression — Hydraulic  Presses — Kettles — ^Rolls — 
Extraction  of  Oil — Refining — Bleaching  and  Deodorbing — 
Physical  Methods:  Washing,  freezing,  filtration,  treatment  with 
charcoal  and  fuller's  earth,  steaming.  Chemical  Methods: 
Caustic  soda,  sodium  carbonate  and  sihcate,  alkaline  earths,  ozone, 
hydrosulphites,  sodium  bisulphite,  hydrogen,  organic  peroxides. 

Expression  of  Oil. — The  methods  of  separating  the  oil 
from  the  vegetable  or  animal  tissues  in  which  it  is  con- 
tained may  be  classified  into  rendering  by  heat,  expression 
with  or  without  the  aid  of  heat,  and  extraction  with 
solvents.  In  the  first  method  the  material  is  heated  to  a 
suitable  temperature,  sufficient  to  rupture  the  cell  mem- 
branes without  decomposing  the  fat  to  any  notable  extent, 
and  the  oil  which  then  exudes  from  the  cells  is  drained 
off  and  clarified.  This  method  is  typified  by  the  prepara- 
tion of  lard  (see  Chapter  VI). 

An  analogous  process  of  great  antiquity  is  still  used  in 
many  tropical  countries  for  the  separation  of  oil  from 
fruit-pulp  and  nuts,  the  material  being  first  pounded  or 
crushed  and  then  boiled  with  water,  so  that  the  oil  rises 
to  the  surface  and  can  be  skimmed  off.  In  some  places 
nuts  are  first  roasted  before  being  crushed  and  boiled 
with  water,  this  process  facilitating  the  subsequent 
separation  of  the  oil. 

Primitive  forms  of  presses  for  separating  the  oil  from 
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fruit-pulps,  such  as  olives  and  palm  fruit,  are  still  employed 
in  many  parts  of  the  world,  the  residual  mass  being  then 
boiled  with  water  and  again  expressed.  Analogous 
processes  are  also  in  use  for  extracting  oil  from  fish  and 
the  livers  of  fish  such  as  sharks. 

Hydraulic  Presses. — The  older  forms  of  screw  presses 
which  are  worked  by  means  of  belts  communicating  with 
a  horizontal  shafting  from  a  steam  engine,  have  now,  to 
a  large  extent,  been  superseded  by  hydraulic  presses.  In 
the  ordinary  type  of  hydraulic  press,  water  is  admitted 
into  the  cy Under  either  intermittently  by  means  of  pumps, 
or  continuously  from  an  accumulator.  For  some  purposes 
horizontal  presses  are  sometimes  preferred. 

In  the  "  Anglo-American  System  "  the  press  is  vertical, 
and  contains  a  series  of  corrugated  plates  arranged  at  a 
sufficient  distance  from  each  other  to  permit  of  the 
introduction  of  the  moulded  cakes  of  hot  ground  seed,  etc., 
coming  from  the  kettle  and  moulding  machine.  These 
plates  are  eitlier  supported  by  means  of  links  or  by  racks. 

"  Cage  "  or  "  Clodding  "  Pre^^.— This  name  is  given  to 
a  form  of  press  which  is  in  common  use  for  the  preUminary 
expression  of  oil  from  such  material  as  castor  seeds, 
copra,  or  palm-kernels.  The  crushed  meal  coming  from 
the  kettle  is  delivered  into  a  cage  or  cyUnder  constructed 
either  of  staves  with  interstices,  through  which  the  oil 
exudes,  or  of  perforated  steel.  In  the  "  Leeds  "  system 
the  cages  are  formed  of  vertical  bars  held  together  by 
steel  hoops,  and  the  spaces  between  these  bars  can  bo 
regulated  to  suit  the  material. 

If  much  oil  is  present,  as  in  the  case  of  copra  and  castor 
seeds,  clodding  presses  are  often  used  for  the  first  ex- 
pression, whilst  a  press  of  the  Anglo-American  type  is 
used  for  the  second  and  third  expressions.     The  quality 
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of  the  oil  will  vary  with  the  mode  of  expression.  In  the 
case  of  olives,  for  example,  the  finest  product  is  the 
"  cold -drawn  "  oil,  which  is  obtained  by  expression  in 
the  cold.  The  oil-cakes  in  the  press  are  then  again  ground, 
slightly  moistened  with  water,  and  pressed  again,  whereby 
a  second  quality  of  cold-drawn  oil  is  obtained.  The  residual 
oil-cakes  are  next  ground  up  and  heated.and  expressed  while 
hot  to  obtain  a  third  grade  of  oil,  whilst  the  final  residue 
is  subjected  to  a  process  of  extraction  with  a  solvent  to 
recover  the  oil  which  it  still  contains. 

Crushing  Rolls  and  Edge-runners.— Prior  to  the  ex- 
pression the  seed  is  delivered  into  the  hopper  of  a  series 
of  crushing  rolls,  usually  five  in  number,  which  are  brought 
into  contact  by  a  combination  of  springs,  so  that  a 
regulated  uniform  pressure  can  be  obtained.  For  the 
crushing  of  certain  materials,  such  as  copra  and  cotton 
seed,  heavy  edge-runners  of  stone  are  often  used  in  place 
of  rollers. 

Kettle. — The  "  kettle  "  used  in  the  Anglo-American 
system  is  a  circular  cast-iron  vessel,  heated  by  means  of 
a  steam  jacket,  and  provided  with  an  internal  agitator,  to 
keep  the  material  in  motion  during  the  heating.  The 
crushed  seed  from  the  rolls  is  delivered  into  the  kettle  by 
means  of  an  elevator,  or  in  some  cases  the  crushing 
apparatus  is  fixed  above  the  kettle.  After  being  heated, 
the  material  is  compressed  into  thin  blocks  or  cakes  in  a 
moulding  machine,  and  these  are  expressed  in  presses  of 
the  types  described  above. 

Extraction  of  Oil  with  Solvents.— In  recovering  the 
oil  from  the  final  residues  from  the  press  the  solvents 
most  frequently  used  are  ixjtroleum  spirit,  carbon  bi- 
sulphide and  the  chlorine  derivatives  of  hydrocarbons, 
such  as  carbon  tetrachloride,  chloro-ethanes,  or  ethylene 
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chlorides.  The  solvents  of  the  last-mentioned  class  have 
the  advantage  of  being  non-inflammable,  but  since  there 
is  always  some  unavoidable  loss  in  the  recovery  of  the 
solvent  are  more  expensive  to  use. 

Carbon  bisulphide  is  still  extensively  employed  for  the 
extraction  of  the  final  residue  (vutrc)  from  the  expression 
of  oUves,  but  the  extracted  oil,  technically  termed  sulphur 
or  bisulphide  oil,  acquires  an  unpleasant  taste  from  the 
solvent.  Hence,  petroleum  spirit,  although  more  ex- 
pensive, is  more  frequently  used  for  the  extraction  of  oils 
in  general. 

The  vessels  used  for  the  extraction  are  either  used 
simply  or  in  batteries  of  several  extractors.  For  continu- 
ous extraction  in  a  single  vessel  the  extractor  is  provided 
with  a  false  bottom  on  which  the  material  rests,  and  is 
heated  by  a  steam  coil  or  other  device.  This  vessel  is 
connected  with  an  evaporator,  into  which  the  solution 
of  oil  is  drawn  off,  and  evaporated,  the  oil  being  left  as  a 
residue,  whilst  the  vapours  of  the  solvent  are  condensed 
in  an  attached  cooling  coil,  and  returned  to  a  storage 
tank,  whence  they  flow  back  again  into  the  extractor. 
This  process  is  continued  in  a  cycle  until  the  whole  of  the 
oil  has  been  removed  from  the  material. 

In  the  other  method  of  extraction  the  solvent  is  made 
to  flo)v  through  the  series  of  extractors,  each  of  which 
has  been  charged  with  the  material.  When  the  contents 
of  one  vessel  have  been  extracted,  that  member  of  the 
series  is  withdrawn  from  the  circuit  and  recharged, 
without  interrupting  the  process  in  the  others.  The 
solvent  leaving  the  last  vessel  in  the  series  is  rich  in  oil, 
which  is  separated  by  evaporating  the  liquid  in  a  vesesl 
heated  by  means  of  a  steam  coil,  and  connected  with  a 
condenser,  for  the  recovery  of  the  solvent. 
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Purification  of  Oils. — Although,  as  was  pointed  out  in 
Chapter  11,  too  much  stress  cannot  be  laid  upon  the 
importance  of  using  only  the  freshest  materials  of  the  best 
possible  quality  in  the  manufacture  of  edible  fats,  yet 
even  these  frequently  require  a  certain  amount  of  pre- 
liminary treatment  in  order  to  bleach,  deodorise,  or  refine 
them  and  render  them  palatable  for  human  food.  Numer- 
ous processes,  both  physical  and  chemical,  have  been 
devised,  and  in  many  cases  patented,  for  these  different 
purjioses,  and  the  following  is  a  summary  of  the  more 
important  ones. 

Physical  Methods. — Among  the  physical  methods  em- 
ployed may  be  mentioned  washing  with  hot  water,  the 
removal  of  suspended  matter  by  settling  or  filtration,  and 
of  excess  of  stearin  by  subjection  to  low  temperatures, 
bleaching  by  filtration  through  animal  charcoal  or  fuller's 
earth,  and  deodorising  by  injecting  steam  either  at 
atmospheric  pressure,  in  7kicuo,  or  in  presence  of  an 
indifferent  gas. 

The  impurities  in  freshly  expressed  oil,  which  are  partly 
in  suspension  and  partly  in  solution,  consist  chiefly  of  dirt, 
fragments  of  vegetable  fibre,  and  mucilaginous  and 
albuminous  substances.  A  portion  of  them  rapidly 
deposits  when  the  oil  is  allowed  to  stand,  and  the  upper 
liquid  may  then  be  drawn  off  from  the  sediment,  and 
subjected  to  filtration  or  to  further  refining  processes. 

In  some  cases  a  simple  filtration,  after  standing  for  a 
short  time,  is  sufficient  to  render  the  oil  brilliant,  but 
special  treatment  is  necessary  when  a  large  proportion  of 
albuminous  matter  is  present,  since  such  oils  either  pass 
through  the  filter  without  becoming  bright,  or  if  a  closer 
filtering  medium  is  used,  the  pores  of  the  filter  speedily 
become  clogged. 
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Various  methods  are  employed  to  coagulate  or  precipi- 
tate albuminous  matters  before  filtration,  such  as  dry 
heat,  or  the  introduction  of  fine  jets  of  steam,  or  the 
addition  of  a  small  quantity  of  insoluble  powder  (e.  g. 
fuller's  earth  or  kieselguhr)y'' which  as  it  subsides  attracts 
and  carries  down  simultaneously  the  particles  of  the 
gum -like  mucilage. 

The  formation  of  an  insoluble  precipitate  within  the 
oil  answers  the  same  purpose.  Thus,  in  Linde's  process 
a  small  ({uantity  of  milk  is  introduced  and  the  mixture 
heated  so  as  to  coagulate  the  casein,  the  subsidence  of 
which  removes  at  the  same  time  the  substances  which 
cause  turbidity  in  the  oil. 

Other  substances,  such  as  solutions  of  tannin,  are  used 
in  the  same  way  in  refining  oils  for  technical  purposes, 
but  are  inadmissible  in  the  cases  of  edible  oils. 

In  the  removal  of  dissolved  impurities,  alkali  solutions, 
millv  of  lime,  or  magnesia  are  reagents  in  common  use, 
while  dilute  sulphuric  acid  is  employed  to  clarify  linseed 
and  certain  fish  oils  for  industrial  uses. 

To  facilitate  the  purification  of  oils  by  washing  with 
water,  Dubovitz  has  recommended  the  addition  to  the 
water  of  aluminium  sulphate,  in  the  proportion  of  about 
J-oz.  to  220  gallons  per  degree  of  hardness.  This  forms 
with  the  lime  in  the  water  a  bulky,  colloidal  precipitate, 
which  serves  to  bleach  and  clarify  the  oil. 

Removal  of  Stearine. — When  certain  oils  are  exposed  to 
a  low  temperature  they  become  turbid  and  in  some  cases 
give  a  white  deposit.  This  consists  of  glycerides  of  the 
more  soUd  fatty  acids,  and  is  known  as  "  stearine,"  and 
its  formation  is  frequently  regarded  as  objectionable, 
notwithstanding  the  fact  that  when  the  oil  is  gently 
heated  the  stearine  is  redissolved. 
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In  the  preparation  of  the  best  edible  oils,  therefore,  a 
process  of  chilhug  followed  by  filtration  is  often  employed 
in  order  to  remove  part  of  the  stearine,  and  the  oils  thus 
treated  may  then  be  exposed  to  a  low  temperature  without 
giving  a  further  deposit. 

Oils  treated  in  this  way  are  commonly  known  as  "  winter 
oils,"  and  those  which  will  only  keep  brilliant  at  the 
ordinary  summer  temperature  are  termed  "  summer  oils." 
The  solid  fat  separated  in  this  way  from  cotton -seed  oil 
is  known  as  cotton-oil  "  stearine,"  although  it  is  quite  free 
from  stearic  acid.  A  similar  process  is  employed  for  the 
separation  of  coconut  and  palm -kernel  oils  into  their 
respective  stearine  and  oleincs  (see  Chocolate  Fat^'). 

Methods  of  Filtration.— The  types  of  filter  press  used 
in  the  filtration  of  oils  are  very  varied.  A  common  form 
consists  of  an  hydrauUc  press  containing  a  series  of  com- 
municating plates  with  rims  raised  so  as  to  form  a  space 
into  which  filter  cloths  may  be  fitted. 

In  other  forms  of  apparatus  the  oil  is  introduced  from 
below  into  a  chamber,  and  rises  upwards  through  the 
filtering  medium  into  a  compartment  in  which  a  partial 
vacuum  has  been  created.  Or  methods  of  centrifugal 
filtration  may  be  employed,  as  in  apparatus  in  which  the 
oil  is  introduced  into  a  revolving  chamber  with  a  per- 
forated wall  round  which  is  wrapped  a  filtering  cloth. 
The  oil  is  flung  against  the  wall  of  the  revolving  chamber 
in  a  fine  state  of  division,  and  passes  through  the  filtering 
medium  into  an  outer  chamber,  whence  it  can  be  drawn 
off. 

The  materials  used  as  filtering  media  include  sand, 
kitselguhr,  Spanish  clay,  fuller's  earth,  animal  charcoal, 
paper  pulp,  and  a  mixture  of  wool  and  vegetable  fibres 
disintegrated  into  a  pulp. 
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Chemical  Methods. — ^The  number  of  chemicals  em- 
ployed ill  refining  oils  and  fats  for  edible  purposes  is 
necessarily  very  limited.  It  is  of  course  very  objectionable 
to  employ  any  reagent  which  is  poisonous,  whilst  the  use 
of  barium  oxide  has  been  patented  by  Rocca  (Fr.  Pat. 
325,381,  1002),  and  processes  involving  the  use  ot  mineral 
acids  are,  in  general,  inadmissible,  as  they,  spoil  the 
flavour  of  the  oil.  The  chief  reagents  employed  are 
caustic  soda  (sodium  hydroxide),  sodium  carbonate, 
sodium  silicate,  calcium  or  magnesium  oxide,  ozone, 
hydrosulphites,  formaldehydo-snlphoxylatcs,  and  organic 
peroxides. 

Caustic  Soda. — Of  the  alkaUne  refining  process  the 
treatment  of  cotton-seed  oil  with  a  solution  of  sodium 
hydroxide  or  potassium  hydroxide  is  the  best  example. 
The  oil  is  mechanically  agitated  with  the  alkali  solution, 
which  usually  has  a  specific  gravity  of  about  MO,  either 
with  or  without  the  aid  of  heat,  and  the  mixture  then 
allowed  to  stand  until  it  separates  into  two  layers,  the 
lower  of  which  contains  a  sediment  of  impurities.  This 
is  drawn  ofF,  and  the  treatment  repeated,  but  this  time 
with  a  more  dilute  solution  of  alkali,  and  finally  the  oil 
thus  clarified  is  washed  with  water  to  remove  the  excess 
of  alkali. 

In  this  process  of  refining  not  only  are  the  albuminous 
and  resinous  matters  precipitated,  but  the  free  fatty 
acids  in  the  oil  are  neutralised,  and  accordingly  freshh' 
prepared  cotton-seed  oil  is  almost  neutral  in  its  reaction, 
and  has  a  bland  taste.  ,  The  treatment  also  removes  a 
large  proportion  of  the  colouring  matter  separated  from 
the  seed  in  the  expression  of  the  oil,  and  changes  the  dark- 
brown  colour  of  the  crude  product  to  a  light  golden  tint. 

The  residue  left  from  the  refining  of  cotton-seed  and 
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other  oils  is  a  thick  deposit  containing  the  impurities  in 
a  concentrated  form,  together  with  a  considerable  pro- 
portion of  oil ;  such  residues  are  laiown  as  "  foots,"  and 
are  utilised  in  the  manufacture  of  soap. 

The  amount  of  caustic  soda  required  depends  on  the 
degree  of  acidity  of  the  oil,  which  it  should  be  just  suffi- 
cient to  neutralise.  The  acidity  of  the  oil  is  therefore 
first  determined,  as  described  in  Chapter  IX,  and  the 
quantity  of  caustic  soda  calculated  which  will  neutralise 
the  given  bulk  of  oil  to  be  treated.  The  following  is  a 
more  detailed  account  of  the  process  :- 

The  calculated  quantity  of  alkali  is  dissolved  in  water, 
the  solution  diluted  to  12°  or  15°  Tw.  (S°  or  10°  B.),  and 
one-third  of  it  added,  either  in  a  fine  stream,  or  through  a 
sprinkler,  to  the  oil  contained  in  a  steam -jacketed  tank. 
The  mixture  is  now  heated  first  to  100°  F.,  and  then 
gradually  to  12(>°  F.,  the  whole  being  well  agitated 
mechanically,  or  by  blowing  a  current  of  air  through  a. 
pipe  inserted  to  the  bottom  of  the  tank. 

After  about  fifteen  minutes  the  agitation  is  stopped, 
and  the  oil  allowed  to  rest  for  some  time,  preferably 
overnight,  to  allow  the  soap  and  impurities  to  settle  down 
to  the  bottom,  whence  they  may  be  drawn  off.  This 
treatment  is  then  repeated  a  second  and  third  time,  with 
the  same  quantity  of  caustic  soda  solution,  but  usually 
of  weaker  strength,  and  in  exactly  the  same  manner  as 
just  described,  after  which  a  clear,  yellow  oil  should  be 
obtained. 

The  agitation  with  air  must  not  be  unduly  prolonged, 
as  this  tends  to  oxidise  the  oil,  raising  its  specific  gravity 
and  refractive  index,  lowering  its  iodine  value,  and  also 
injuring  its  flavour. 

Treatment  with  caustic  soda  solution  is  also  frequently 
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employed  for  refining  other  vegetable  oils,  notably 
coconut  oil.  In  all  cases  the  principle  is  the  same,  viz., 
combination  of  the  alkali  with  the  free  fatty  acids  to  form 
soap,  which  on  settling  carries  down  with  it  colouring 
matter  and  other  impurities.  Only  a  weak  solution,  of 
say  12°  Tw.  (8°  B.),  should  be  used,  and  the  quantity 
added  should  not  be  more  than  sufficient  to  neutralise 
the  free  a^id,  since  otherwise  some  of  the  neutral  oil  may 
be  saponified. 

Emulsions  are  sometimes  formed  in  this  treatment, 
but  are  easily  broken  up  by  the  addition  of  brine. 

Sodium  Carbonate. — This  may  be  employed  instead  of 
caustic  soda  to  neutralise  the  free  fatty  acids  of  an  oil  or 
fat.  In  practice,  however,  it  is  less  frequently  used  by 
itself  for  refining  purposes,  though  there  is  less  risk  of 
saponification  of  the  neutral  oil  if  a  slight  excess  is  added 
than  in  the  case  of  caustic  soda. 

A  process  has  been  patented  in  France  by  G.  Miiller 
(Fr.  Pat.  334,336,  1903)  for  the  treatment  of  cacao  butter 
with  sodium  bicarbonate.  The  fat  is  heated  with  sodium 
bicarbonate  and  water,  then  cooled  with  constant  agita- 
tion until  it  congeals,  allowed  to  stand  for  twenty-four 
hours,  and  finally  subjected  to  a  process  of  pressing  and 
kneading.  The  fat  thus  treated  is  claimed  to  be  softer 
and  less  brittle. 

Sodium  Silicate. — This  is  an  alkaline  salt,  and  its  action 
is  very  similar  to  that  of  sodium  carbonate.  Its  use  for 
bleaching  oils  and  fats  has  been  patented  by  Godard 
(Eng.  Pat.  22,085,  1903),  who  mixes  the  oil  with  sodium 
siUcate,  separates  the  soap  formed,  and  then  deodorises 
the  neutral  oil  by  means  of  steam  in  a  fine  state  of  division. 

Alkaline  Earths. — Lime  and  magnesia  are  sometimes 
used  for  removing  the  free  fatty  acids  from  oils  and  fats, 
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insoluble  calcium  and  magnesium  soaps  being  formed.  .  In 
Rocca's  patent,  to  which  reference  has  already  been  made 
(vide  supra),  the  oil  is  first  neutralised  with  caustic  soda  or 
sodium  carbonate,  decanted  from  the  resulting  soap,  a 
small  quantity  of  strong  acid  added  to  decompose  any 
^oap  remaining,  and  the  oil  finally  neutralised  with  lime, 
magnesia,  or  baryta. 

Fresenius  (Eng.  Pat.  19,171,  1902)  neutralises  the  oil 
with  caustic  soda,  lime,  or  magnesia,  under  a  pressure  of 
two  or  three  atmospheres,  either  in  the  presence  of  carbon 
to  prevent  oxidation,  or  according  to  a  later  process  in 
an  atmosphere  of  an  inert  gas.  It  is  claimed  that  the 
increased  pressure  facilitates  the  separation  of  the  soap 
emulsion. 

Bleaching  of  Oils. — The  colouring  matter  of  crude  oils 
consists  of  chlorophyll,  which  gives  them  a  greenish 
tinge ;  or  of  substances  frequently  of  a  resinous  nature, 
which  impart  a  brown  colour. 

In  the  case  of  some  oils,  such  as  olive  oil,  the  natural 
greenish  tint  is  allowed  to  remain,  but  the  dark  colour  of 
certain  other  crude  oils  has  to  be  reduced  before  the 
product  is  saleable. 

As  was  mentioned  above,  treatment  with  alkali  removes 
from  cotton-seed  oil  a  large  proportion  of  the  dark 
colouring  matter  at  the  same  time  as  the  constituents 
that  cause  turbidity. 

The  methods  in  which  fuller's  earth  or  milk  is  used 
to  refine  oils  have  also  some  effect  in  producing  a  filtrate 
of  lighter  colour,  whilst  a  treatment  with  freshly  prepared 
animal  charcoal  is  effective  as  a  decolorising  process  in 
some  cases. 

Charcoal. — Bleaching  with  charcoal  may  be  effected  by 
mixing  the  oil  with  I  to  5  per  cent,  of  avimal  charcoal, 
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in  a  granular  form,  warming  for  a  short  time,  and  filtering 
through  a  filter  press.  The  bleaching  action  of  animal 
charcoal,  attributed  by  Knecht  to  the  presence  of  nitrogen 
compounds,  is  greater  in  the  presence  of  acid. 

Crude  charcoal  requires  preliminary  treatment  before 
being  used  for  bleaching  purposes.  It  should  be  well  boiled, 
first  with  pure  water,  and  then  after  the  addition  of  suffi- 
cient sodium  carbonate  or  hydroxide  to  render  it  alkaline. 
It  is  next  washed  free  from  alkali,  and  boiled  for  twelve 
hours  with  four  times  its  weight  of  a  mixture  of  equal 
parts  of  commercial  hydrochloric  acid  and  water,  after 
which  it  is  washed  free  from  acid,  dried,  and  burned  in 
closed  vessels.  A  good  bleaching  charcoal  is  thus 
obtained. 

Fuller's  Earth. — Fuller's  earth  (aluminium  magnesium 
hydrosiUcate)  should  be  dehydrated  by  roasting  prior  to 
use,  in  order  to  secure  the  best  results.  The  quantity 
required  varies  from  2  to  5  per  cent,  for  coconut,  palm- 
kernel,  and  olive  oils,  to  upwards  of  10  per  cent,  for 
arachis  and  cotton-seed  oils,  and  the  oil  should  be 
thoroughly  mixed  with  the  reagent  and  maintained  at  a 
temperature  of  say  100°  F.  for  about  fifteen  minutes,  and 
then  filtered  through  a  filter  press.  The  fuller's  earth 
retains  about  80  per  cent,  of  the  oil,  which  may  be  ex- 
tracted by  means  of  a  solvent,  the  latter  distilled  off,  and 
the  recovered  oil  treated  with  a  fresh  quantity  of  fuller's 
earth.  The  spent  fuller's  earth  may  be  '*  regenerated  " 
by  heating  it  up  to  400°  to  500°.  Fuller's  earth  is  fre- 
quenth^  used  in  America  for  the  filtration  of  "  premier 
jus." 

According  to  Hirzel  (Chern.  Rev.  Fett  Ind.,  1904, 
116-118;  145-146),  the  earthy  flavour  sometimes  remain- 
ing aft^r  contact  with  fuller's  earth  may  be  removed  by 
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washing  with  10  per  cent,  of  a  10  per  cent,  solution  of 
brine,  and  by  adding  1  to  IJ  per  cent,  of  powdered,  dry 
sodium  bicarbonate. 

Godard  (Eng.  Pat.  22,086,  1903)  carries  out  the  agita- 
tion with  reagents  in  vacuo  in  order  to  prevent  oxidation 
of  the  oil. 

No  very  definite  details  as  to  the  quantity  of  charcoal 
or  fuller's  earth  to  be  used,  the  temperature  to  which  the 
oil  should  be  raised  in  contact  with  them,  and  the  time  it 
should  be  maintained  thereat,  can  be  given,  as  these  vary 
considerably  for  different  oils,  and  can  only  be  determined 
by  actual  experiments  with  the  particular  oil  it  is  required 
to  bleach. 

The  use  of  finely  divided  alumina,  bauxite,  or  magnesite 
previously  ignited  at  a  low  temperature,  has  also  been 
patented  for  decolorising  oils,  and  a  process  for  the 
recovery  of  spent  decolorising  materials  (which  consists 
in  mixing  them  with  salt  water,  heating  the  mixture  to 
about  85°  C.  with  sulphuric  acid,  then  treating  it  with 
sodium  carbonate  and  mechanically  agitating  it  for  a 
short  time)  has  been  patented  by  the  Soc.  Anon.  Huilerie 
et  Savonnerie  de  Lurian  (Fr.  Pat.  490,915,  1909).  The 
carbon  dioxide  liberated  by  this  treatment  carries  the  oil 
to  the  surface. 

Methods  in  which  chlorine  or  bleaching  powder  are 
employed  are  only  applicable  for  bleaching  oils  intended 
for  the  making  of  soap  or  other  technical  purposes,  owing 
to  the  reagent  attacking  the  glycerides  and  imparting  a 
flavour.  For  similar  reasons  Watts' s  bichromate  process 
of  bleaching  palm  oil  is  also  unsuitable  for  the  treatment 
of  fat  intended  for  food. 

Methods  of  oxidation,  either  by  means  of  hot  air  passed 
through  the  heated  oil  or  fat,  or  by  means  of  ozone  or 
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ozonised  air,  under  controlled  conditions,  are  employed 
both  to  obtain  paler  oiln  and  to  remove  substances  of 
unpleasant  odour. 

The  bleaching  of  beeswax  by  exposing  it  in  thin  strips 
to  the  action  of  air  and  sunlight  has  long  been  practised, 
and  Japan  wax  is  also  rendered  nearly  white  by  similar 
means. 

The  use  ol  artificial  light  in  place  of  sunlight  is  claimed 
in  several  patents  for  bleaching  oils,  such  as  cotton-seed 
oil.  The  oil  is  made  to  pass  across  a  transparent  surface 
through  which  are  transmitted  the  rays  from  a  powerful 
arc  light. 

Ultra-violet  rays,  such  as  those  emitted  by  the  mercury 
vapour  lamp,  are  employed  as  the  bleaching  agent  in 
similar  processes. 

Ozone. — The  use  of  ozone  as  a  bleaching  agent  has  long 
been  known,  but  its  application  to  the  treatment  of  oils 
and  fats  met  with  little  success  for  many  years.  It  has 
been  the  subject  of  many  patents,  among  which  may  be 
mentioned  that  of  Andreoli  (Eng.  Pat.  14,570,  1898), 
who  makes  use  of  the  joint  action  of  ozone  and  a  hypo- 
chlorite solution,  and  that  of  J.  Harris  (Eng.  Pat.  22,430, 
1906).  Harris  first  ozonises  the  oil  at  a  temperature  of 
100°  to  180°  F.  for  fifteen  to  thirty  minutes,  until  there 
is  an  appreciable  rise — say  0-5  per  cent. — in  the  amount 
of  free  fatty  acids.  The  treatment  with  ozone  is  then 
stopped,  and  the  oil  neutralised  with  alkali,  preferably  an 
aqueous  solution  of  caustic  soda  at  about  15°  Tw.  (10°  B.). 
The  impurities  are  next  separated,  and  the  oil  diied  by 
means  of  a  current  of  air  while  warm,  after  which  it  may 
be  still  further  refined  by  heating  it  with  5  per  cent,  of 
aluminous  earth,  followed  by  filtration. 

This  latter  process  seems  to  be  rather  a  mistaken  one, 
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as  from  experiments  made  by  one  of  the  authors  (S.),  the 
best  results  are  obtained  when  the  ozonisation  is  only 
carried  to  such  a  point  that  there  is  no  appreciable  increase 
in  the  free  acidity  of  the  oil. 

Experiments  by  him  on  the  bleaching  and  deodorising 
action  of  pure  ozone  free  from  nitrogenous  cwnpounds, 
as  obtained  with  the  Ozonair  apparatus,  have  given 
results  which  are  most  promising.  Palm  oil,  even  of 
the  crudest  description,  has  been  most  effectively  and 
cheaply  bleached  by  merely  passing  a  strong  current  of 
ozonised  air  through  it,  and  the  colour  of  certain  other 
vegetable  oils  has  been  distinctly  improved  by  this 
treatment;  whilst  in  the  case  of  a  very  acid  sample  of 
coconut  oil,  the  fat  was  not  only  made  whiter  in  colour, 
but  had  also  almost  entirely  lost  its  characteristic  odour. 
Hence  there  seems  to  be  a  likelihood  of  the  successful 
employment  of  the  ozone  process  for  this  purpose  in  the 
future. 

Hydrosulphites,  or  ''  Hyposulphites." — Sodium  hydro- 
sulphite,  obtained  by  digesting  a  concentrated  solution  of 
sodium  bisulphite  with  zinc  dust  or  turnings,  is  a  powerful 
reducing  agent,  and  has  been  patented  as  a  means  of 
bleaching  oils  and  fats  by  Metz  and  Clarkson  (Eng.  Pat. 
11,983,  1906).  It  is  particularly  applicable  to  maize  oil, 
which  may  be  bleached  by  agitating  200  parts  of  the  oil 
with  600  parts  of  water  and  15  parts  of  sodium  hydro- 
sulphite  for  ten  hours  in  a  closed  vessel,  allowing  the 
mixtiu'e  to  stand  for  thirty -two  hours,  and  then  separating 
the  oily  layer. 

Sodium  hydrosulphite  formaldehyde,  wliich  was  shown 
by  Baumann,  Thesmar,  and  Frosssird  in  1904  to  bo 
commercially  a  mixture  in  almost  equal  proportions  of 
sodium  sulphoxylate  formaldehyde  and  sodium  bisulphite 
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formaldehyde,  is  also  recommended  for  the  purpose,  the 
oil  being  heated  to  70°  C.  with  this  reagent  in  a  closed 
vessel,  and  then  allowed  to  stand. 

The  formaldehyde-sulphoxylates  are  now  sold  under  a 
variety  of  fancy  names,  the  sodium  compound  being 
termed  Rongalite  C.  and  Hydraldite  6\,  and  the  zinc  salt 
Decroline. 

Sodium  Bisulphite. — This  salt,  which  possesses  the 
property  of  combining  with  aldehydes,  had  been  utilised  in 
some  cases  for  deodorising  oils  and  fats,  with  good  results. 

Organic  Peroxides. — The  Vereingte  Chem.  Werke  have 
patented  the  use  of  various  organic  peroxides  (such  as 
those  of  benzoyl,  acetyl,  and  acetone,  together  with  the 
oxidation  products  obtained  by  the  action  of  nitrogen 
tetroxide  on  organic  compounds)  for  the  bleaching  of  oils 
and  fats.  The  oil  is  heated  to  100°  C.  with  about  0*2  per 
cent,  of  the  peroxide,  and  allowed  to  stand  in  a  warm  place 
for  a  short  time,  until  bleaching  has  taken  place. 

There  is  now  a  large  number  of  per-salts  available,  e.  g., 
persulphates,  per  carbonates,  perborates,  which  are  being 
utilised  for  various  bleaching  purposes,  but  so  far  they  do 
not  appear  to  have  been  employed  to  any  considerable 
extent  in  the  treatment  of  oils  and  fats,  though  ammonium 
persulphate  (palidol)  is  now  being  used  for  bleaching  soap 
in  the  pan. 

Deodorisation  of  Fats. — ^The  odours  of  oils  and  fats 
are  due  to  the  presence  of  small  quantities  of  volatile 
substances,  either  derived  fi'om  the  vegetable  substance 
as  in  the  case  of  maize  and  wheat  oils,  or  formed  by  slight 
decomposition  of  the  oil  itself. 

It  is  chiefly  in  connection  with  coconut  oil,  which  forms 
the  basis  of  so  many  vegetable  lards  and  butters,  that  the 
problem  of  deodorisation  of  a  fresh  fat  has  to  be  faced. 
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According  to  the  research  of  Haller  and  Lassieur 
(Coniptes  lioid.f  1910,  150,  1013),  the  unpleasant  odour  of 
commercial  coconut  oil  must  be  attributed,  partly  to  a 
process  of  decomposition  of  the  glycerides,  with  the 
liberation  of  fatty  acids  (caproic,  caprylic,  capric  acids, 
etc.)  with  a  pronounced  odour  ;  and  partly  to  the  presence 
of  certain  substances,  which  include  methyl heptyl ketone 
and  methylnonyl ketone.  Traces  of  these  may  also  be 
detected  in  the  refined  fat,  and  account  for  its  odour  when 
heated.  The  substances  to  which  the  odour  is  due  may 
be  obtained  in  the  form  of  an  essence  (echappes)  by  dis- 
tilling the  coconut  oil  in  a  current  of  superheated  steam. 

Speaking  broadly,  two  methods  only  have  so  far  been 
discovered,  or,  at  any  rate,  published,  for  the  deodorisation 
of  coconut  oil — (1)  washing  out  of  the  odoriferous  bodies 
with  alcohol,  and  (2)  their  volatilisation  by  treatment  with 
steam.  Other  unpublished  processes  are  doubtless  used 
by  some  manufactiu-ers,  but  their  secrecy  is  very  jealously 
guarded. 

The  washing  of  coconut  oil  with  alcohol  obviously 
removes  free  fatty  acids,  which  are  soluble  therein.  This 
method  of  treatment  was  first  introduced  by  Chevreul, 
and  has  been  also  utilised  by  Schlinck,  who  employed  a 
joint  process  of  washing  with  alcohol  and  treatment  with 
charcoal.  A  special  apparatus  for  its  application  was 
patented  by  Urbain  and  Feige  (Fr.  Pat.  361,966,  1905), 
consisting  of  a  series  of  vessels  so  arranged  that  the  oil 
descends  from  vessel  to  vessel,  and  meets  hot  alcohol 
circulating  in  the  opposite  direction,  so  that  the  more 
impure  oil  comes  in  contact  mth  the  more  impure  alcohol. 
The  temperature  is  maintained  at  70°  C.  during  the  treat- 
ment, and  means  are  provided  for  evaporating  and  con- 
densing the  alcohol  after  extraction  is  complete. 
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An  improvement  upon  this  patent  has  been  since 
protected  by  the  patentees,  in  which  sufficient  alkali  is 
added  to  combine  with  the  free  fatty  acids  prior  to  the 
extraction  with  alcohol. 

With  so  volatile  a  substance  as  alcohol,  there  is 
necessarily  a  considerable  loss  by  evaporation  during 
working,  and  the  cost  of  alcohol  in  this  country  is  too  high 
for  the  process  to  be  economical. 

The  treatment  of  coconut  oil  with  steam  in  order  to 
deodorise  it  dates  back  to  1882,  when  a  process  was 
patented  in  Germany  by  Jeserich  and  Meinert,  in  which 
the  volatile  fatty  acids  were  first  driven  off  by  passing 
high-pressure  steam  at  six  to  eight  atmospheres  into  the 
fluid  oil,  with  constant  stirring  for  about  two  or  three  hours, 
after  which  steam  was  shut  off,  and  the  non-volatile  fatty 
acids  separated  by  addition  of  0-25  per  cent,  of  calcined 
magnesia,  the  magnesium  soap  formed  rising  to  the  surface, 
whence  it  could  be  skimmed  off. 

Several  modifications  of  this  process  have  since  been 
patented.  Klimont  (Eng.  Pat.  3104,  1902)  neutralises 
the  oil  with  alkali  prior  to  treatment  with  superheated 
steam,  and  then  removes  non-volatile  impurities  by  either 
raising  the  temperature  of  the  oil  to  above  100°  C,  treat- 
ing it  with  calcium  or  magnesium  hydroxide,  or  extracting 
it  with  some  solvent  such  as  acetone,  which  dissolves  the 
oil  and  precipitates  the  impurities. 

The  Fabrique  de  Prod.  Chim.  de  Thann  et  de  Mulhouse 
treats  the  oil  with  steam  in  the  absence,  of  air,  either  in 
vacuo,  or  in  an  atmosphere  of  an  indifferent  gas. 

In  another  method  of  deodorisation  coconut  oil  is  freed 
from  its  more  fluid  constituents  (as  in  the  preparation  of 
chocolate  fats,  q.v.)  and  the  fatty  acids  eliminated  in  tho 
form  of  calcium  salts  by  treatment  with  lime  ;    sodium 
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silicate  is  employed  in  another  process  as  the  means  of 
removing  the  fatty  acids.  Yet  however  carefully  the 
odoriferous  substances  may  have  been  removed,  the 
readiness  with  which  coconut  oil  undergoes  hydrolysis, 
and  the  nature  of  the  fatty  acids  contained  in  its  glycerides, 
renders  this  fat  particularly  liable  to  acquire  an  odour 
again,  after  having  been  exposed  for  a  short  time  to  the  air. 

Catalytic  hydrogenation  effects  not  only  the  solidifica- 
tion of  an  oil,  but  also  its  deodorisation  and  methods  in 
which  hydrogen  is  used  \sithout  a  catalytic  agent  have 
also  been  stated  to  have  a  similar  deodorising  action. 

Treatment  of  Rancid  Fats. — Although  the  practice  is 
to  be  condemned,  it  is  not  uncommon  for  fats  which  have 
become  slightly  rancid  to  be  subjected  to  treatment  to 
eliminate  the  compounds  to  which  rancidity  is  due,  and 
thus  enable  the  fat  to  be  blended  \yith  fresh  fats. 

Fatty  acids  were  first  driven  off  by  passing  high  pres- 
sure steam  at  six  to  eight  atmospheres  into  the  fluid  oil, 
with  constant  stirring  for  about  two  or  three  hours,  after 
which  steam  was  shut  off,  and  the  non-volatile  fatty  acids 
separated  by  addition  of  0-25  per  cent,  of  calcined  mag- 
nesia, the  magnesium  soap  formed  rising  to  the  surface, 
whence  it  could  be  skimmed  off. 

As  in  the  treatment  of  coconut  oil  (p.  49),  there  are 
several  modifications  of  the  process,  such  as  treatment  of 
the  oil  with  alkali  prior  to  treatment  with  superheated 
steam,  to  make  the  oil  appear  fresh.  This  may  be  effected 
by  mechanically  agitating  the  fat  with  a  suitable  proportion 
of  milk  of  lime  or  magnesia,  which  combine  with  the  free 
fatty  acids  to  form  insoluble  calcium  or  magnesium  soaps, 
readily  separated  by  filtration. 

Neutralisation  with  caustic  alkali  (as  in  the  refining  of 
cotton-seed  oil)  or  with  a  solution  of  sodium  silicate,  also 
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effects  the  removal  of  free  fatty  acids,  but  the  latter 
reagent  is  liable  to  produce  an  obstinate  emulsion  when 
employed  on  a  large  scale. 

In  another  process  the  rancid  oil  is  treated  with  a 
suitable  proportion  of  precipitated  chalk,  and  is  sub- 
sequently filtered  while  hot  tlu'ough  a  layer  of  animal 
charcoal. 

Reference  has  already  been  made  to  the  method  of  dis- 
solving out  the  free  fatty  acids  by  means  of  alcohol.  Oils 
in  which  a  process  of  hydrolysis  has  once  started  are  liable, 
after  removal  of  the  free  fatty  acids,  not  to  keep  so  well  as 
freshly  expressed  products. 

Rancidity  may  be  present  in  an  oil  without  the  libera- 
tion of  free  fatty  acids,  though,  as  a  rule,  the  acid  value 
of  a  fat  will  afford  some  index  of  the  degree  of  rancidity, 
since  the  development  of  acidity  and  of  rancidity  are  often 
simultaneous. 

For  the  removal  of  the  aldehydic  compounds  formed  in 
the  changes  that  occur,  a  treatment  with  a  strong  solution 
of  sodium  bisulphite  is  used  ip  a  process  described  by 
Nagel,  while  volatile  products  are  expelled  by  heating 
the  oil  in  a  current  of  steam  at  gradually  increasing 
temperatures. 

Other  reagents  used  for  sweetening  rancid  oils  are  a 
solution  of  ordinary  salt,  dilute  (1  per  cent.)  sulphuric 
acid,  a  solution  of  myrrh  in  methyl -alcohol,  etc. 

As  a  rule,  the  different  processes  are  employed  succes- 
sively, and  followed  by  filtration  and  drying  of  the  oil. 

The  tendency  of  an  oil  to  become  rancid  depends  largely 
upon  the  proportion  of  volatile  fatty  acids  and  unsaturated 
fatty  acids  it  contains.  Thus  butter  and  coconut  oil 
readily  turn  rancid,  whereas  beef  stearin  and  cacao  butter 
will  keep  for  a  long  time  unaltered. 
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Any  oil  or  fat  is  best  protected  from  rancidity  by 
keeping  it  in  the  dark  in  a  vessel  from  which  all  air  is 
excluded.  Rancidity  will  take  place  in  the  dark,  but 
much  less  rapidly  than  when  the  fat  is  exposed  to  light. 
This  is  due  to  the  accelerating  effect  of  light  upon  the 
action  of  oxygen.  Heat  has  also  a  pronounced  influence 
in  promoting  chemical  changes  in  oils,  and  cold  has  a 
retarding  influence,  although  it  does  not  stop  the  oxidation. 

The  odour  of  rancid  fats  which  do  not  (like  coconut  oil) 
contain  volatile  fatty  acids  is  due  to  the  formation  of 
aldehydes  or  of  esters,  the  latter  being  probably  produced, 
in  some  cases  at  all  events,  by  the  action  of  certain 
micro-organisms  upon  the  liberated  glycerin. 

Rancidity  is  accompanied  by  a  decrease  in  the  iodine 
value  of  the  fat,  which  is  due  to  the  absorption  of  oxygen 
by  the  unsaturated  bonds  of  the  liquid  fatty  acids.  A 
determination  of  this  value  may  therefore,  in  some  cases, 
give  indications  of  the  freshness  of  a  fat. 

A  better  method,  however,  is  to  distil  the  fat  in  a 
current  of  steam,  and  to  estimate  the  amount  of  aldehydes 
in  the  distillate.  In  a  method  recently  devised  by 
Issoglio  the  volatile  compounds  are  distilled  in  a  current 
of  steam,  and  the  distillate  is  titrated  with  standard 
permanganate  solution,  the  amount  of  which  used  under 
specified  conditions  is  termed  the  oxidisahiliiy  value  of  the 
fat,  and  rises  with  the  increase  of  rancidity  in  the  fat. 

A  biochemical  test  for  rancidity  has  been  based  upon 
the  fact  that  fats  absorb  oxygen  in  becoming  rancid,  and 
will  then  give  a  blue  coloration  with  guaiacum  tincture 
and  an  aqueous  solution  of  blood  or  haemoglobin. 


CHAPTER  IV 

HARDENED  OR  HYDROGENATED  OILS 

Catalytic  Hydrogenation. — The  solution  of  the  problem 
of  converting  fluid  oils  into  solid  fats  may  be  regarded 
as  the  greatest  advance  which  has  taken  place  in  the 
industry  during  the  last  few  years. 

Although  repeated  attempts  had  been  made  to  obtain 
a  solid  material  from  liquid  fatty  acids,  such  as  by  fusing 
oleic  acid  with  potassium  hydroxide,  or  by  treating  mixed 
fatty  acids  with  sulphuric  acid  or  with  zinc  chloride,  the 
results  were  only  partly  successful,  and  the  products  were 
only  suitable  for  technical  purposes  such  as  manufacture 
of  candles. 

It  was  not  until  Sabatier  and  Senderens  showed,  in 
1900,  that  the  presence  of  an  inert  substance,  such  as 
palladium,  caused  hydrogen  to  be  absorbed  by  unsatur- 
ated compounds,  that  the  solution  of  this  difficulty  was 
found. 

In  1903  Normann  patented  a  process  of  hydrogenating 
oils  and  fatty  acids  by  bringing  them  into  contact  with 
hydrogen  in  the  presence  of  finely  powdered  nickel  or 
other  catalytic  agent,  at  a  suitable  temperature.  Since 
then  there  has  been  a  steady  succession  of  patents  for 
carrying  out  this  process  of  hydrogenation,  and  the  con- 
ditions for  the  reaction  have  been  thoroughly  investigated. 

The  use  of  metallic  palladium  as  the  catalyst  was 
patented  in  1911  (Eng.  Pat.  18,642)  and  is  claimed  to  be 
much  more  effective  than  nickel. 
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The  catalytic  agent  appears  merely  to  act  as  the 
medium  for  bringing  the  hydrogen  into  such  contact  with 
the  finely  divided  oil,  that  it  is  able  to  combine  with  it, 
which  without  such  intervening  agent  it  will  not  do,  and 
the  catalyst  itself  apparently  remains  practically  unaltered 
during  the  reaction. 

In  the  case  of  oleic  acid,  for  example,  the  absorption 
of  hydrogen  may  be  represented  as  follows — 

C18H34O2  +  Hg  =  CigHjgOa 
Oleic  acid.  Stearic  acid. 

Similarly  in  the  case  of  glycerides,  olein  is  converted  into 
stearin,  and  the  other  glycerides  of  unsaturated  acids 
into  those  of  the  corresponding  saturated  fatty  acids, 
the  degree  of  hardening  depending  upon  the  duration  of 
the  hydrogenation. 

Hydrogenating  Apparatus. — The  forms  of  apparatus 
i]^  which  the  intimate  of  association  of  the  finely  divided 
oil,  hydrogen,  and  catalyst  is  brought  about,  are  very 
numerous,  and  fresh  modifications  are  continually  being 
patented. 

In  Kayser's  apparatus  (U.S.  Pat.  1,004,035,  1911)  the 
hydrogenation  is  effected  in  a  closed  cylinder  in  which 
revolves  a  paddle  wheel,  the  blades  of  which  are  covered 
with  wire  gauze,  while  means  are  provided  for  heating 
the  contents  of  the  vessel  to  about  150°  to  160°  C. 

In  order  to  carry  out  the  process  at  a  somewhat  lower 
temperature,  Wilbuschewitz  (1912)  devised  an  apimratus 
consisting  of  a  series  of  connected  autoclaves,  into  which 
the  oil  and  catalyst  was  admitted  as  a  fine  spray  and 
encountered  a  current  of  hydrogen  at  about  100^  to 
160**  C. 

Other  forms  of  apparatus  are  those  of  Schlink  and  Co, 
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(Eng.  Pat.  8147,  1911)  consisting  of  a  series  of  drums 
containing  porous  catalytic  material,  and  of  Ellis  (U.S. 
Pat.  1,026,156,  1912)  in  which  the  porous  catalyst  is 
placed  in  tubes  which  can  be  heated  at  any  point. 

Hydrogenation  is  effected  under  pressure  in  Testrup's 
apparatus,  whilst  in  Borkeland  and  Devik's  process  (U.S. 
Pat.  1,125,259,  1915)  a  mixture  of  the  oil  and  catalyst  is 
forced  from  a  jet  into  an  atmosphere  of  hydrogen  and 
so  downwards  into  the  main  body  of  the  oil,  whereby 
the  hydrogen  is  liberated  and  absorbed  as  it  rises 
again. 

Lane's  apparatus  (Eng.  Pat.  968,  1915),  which  is  widely 
used  in  this  country,  consists  essentially  of  a  vertical 
cylinder  heated  by  means  of  a  steam  jacket  or  other 
device.  The  oil  is  introduced  at  the  top,  and  is  alter- 
nately sprayed  outwards  to  the  sides  by  means  of  beaters 
revolving  round  a  central  shaft,  and  thrown  back  again 
to  the  centre  by  means  of  annular  sloping  shelves  between 
each  series  of  beaters,  and  so  on,  until  it  reaches  the  bottom 
and  is  pumped  up  to  the  top  again. 

The  Catalytic  Agent. — Nickel  or  an  oxide  of  nickel  is 
the  agent  most  frequently  used  as  the  catalyst,  for  pal- 
ladium and  platinum  are,  as  a  rule,  too  expensive  for 
industrial  processes.  Numerous  methods  of  preparing  the 
catalyst  have  been  patented,  the  object  being  to  obtain  it 
in  as  fine  a  state  of  division  as  possible,,  upon  a  porous 
medium,  and  in  pure  condition.  The  presence  of  powdered 
metals  (not  reduced  by  hydrogen),  such  as  nickel,  tin, 
zirconium  and  copper,  have  no  injurious  action,  but  iron, 
zinc,  lead  and  mercury  have  a  "  toxic  '*  effect  upon  the 
hydrogenating  process. 

It  is  also  essential  that  the  hydrogen  should  be  verj' 
pure,  and  in  particular  that  it  should  be  practically  free 
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from  chlorine,  sulphur,  phosphorus  and  arsenic,  and  con- 
tain not  more  than  traces  of  oxygen  and  carbon  oxides. 

Preparation  of  the  Hydrogen. — In  Lane's  process  the 
hydrogen  is  obtained  by  conducting  steam  over  red-hot 
iron — 

3Fe  -f  4H2O  =  Fe304  +  4H2, 

and  the  iron  oxide  is  then  again  reduced  by  means  of  a 
gas,  sw'h  jis  producer  gas  containing  carbon  monoxide — 

Fe304  +  4C0  =  3Fe  -f  ^COg. 

The  two  processes  may  be  carried  out  successively, 
provided  that  a  sufficient  velocity  of  reaction  is  m.ain- 
tained.  (Eng.  Pats.  10,536,  1903;  17,591,  1909;  11,878, 
1910.) 

Another  method  of  preparing  hydrogen  is  that  of 
Linde,  Frank,  and  Caro,  in  which  water-gas  is  liquefied 
and  distilled,  and  the  hydrogen  fraction  purified  by  being 
passed  over  soda-lime  previously  heated  to  180°  C. 

A  very  pure  hydrogen,  containing  only  about  0-2  per 
cent,  of  oxygen  as  impurity,  is  obtained  by  the  electro- 
lytic decomposition  of  water  rendered  faintly  acid  (with 
sulphuric  acid)  or  alkaline. 

In  a  process  used  by  the  Griesheim  Elektron  Company, 
water-gas  is  decomposed  by  means  of  a  mixture  of  lime 
and  iron,  whilst  in  countries  where  a  supj)ly  of  petroleum 
is  available,  the  Rincker-Wolter  process,  in  which  the 
hydrocarbons  of  oil-gas  are  decomposed  at  a  high  tempera- 
ture into  carbon  and  hydrogen,  is  available. 

Hardened  Fats.— The  degree  of  hardening  effected  by 
hydrogenation  depends  largely  upon  the  duration  of  the 
process,  and  by  stopping  the  reaction  at  any  given  point 
products  of  varying  consistence  may  be  obtained.     As 
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the  hydi'ogenation  proceeds  the  iodine  value  steadily  falls, 
until  eventually  a  fat  which  has  an  iodine  value  of 
practically  nil  is  produced. 

The  characteristic  constituents  in  certain  oils  are  also 
affected  by  hydrogenation.  Thus,  cotton-seed  oil  which 
has  been  converted  into  a  solid  fat  no  longer  gives  the 
distinctive  colour  reactions  in  Becchi's  silver  nitrate  test, 
or  in  Halphen's  reaction,  but  the  sesamol  in  sesame  oil, 
which  is  the  active  agent  in  Baudouin's  test,  is  not 
destroyed  by  hydrogenation.  The  insoluble  bromide  test 
for  whale  and  other  marine-animal  oils  is  rendered  uncer- 
tain, the  proportion  of  bromides  obtained  decreasing 
with  the  progress  of  the  reaction. 

According  to  Leimdorfer  there  are  distinct  differences 
between  the  physical  and  chemical  characteristics  of 
hydrogenated  and  natural  fats,  whilst  arachidic  acid  may 
still  be  isolated  from  hardened  arachis  oil. 

Cholesterol  and  phytosterol  are  not  greatly  affected  by 
hydrogenation  at  low  temperatures,  but  after  hydro- 
genation at  200^  C.  the  cholesterol  in  animal  oils  and  fats 
becomes  resinified  to  a  large  extent. 

Analytical  Values  of  Hardened  Oils. — The  following 
results  were  given  by  hydrogenated  fats  prepared  in 
Germany  from  whale  oil  for  the  manufacture  of  mar- 
garine : — 


Melting 

Point, 

"C. 

Solidiflca. 

tion 

Point, 

Acid 
Vftluc. 

Saponifica- 
tion 
Value. 

Reichert- 
Hei88l 
Value. 

Molec. 
Equiva- 
lent of 
Fatty 
Acids. 

Iodine 
Value. 

Original  whale  oil    . 
Artificial  tallow 
Hydrogenated  whale 
oil       . 

fluid 
47-5 

41-9 

fluid 
47-3 

31-9 

9-60 
7-80 

6-30 

192-7 
183-7 

190-9 

0-27 
0-25 

018 

144-8 
5G-9 

57-8 
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Samples  of  completely  hydrogenated  oils  examined  by 
Mannich  and  Thiele  give  the  following  values  : — 


Melting 

Hydrogenated  Oil. 

Melting 
Point,  »C. 

Iodine 
Value. 

Saponiflration 
Value. 

Point  of 
Insoluble 

Fatty 
Acids,  -O. 

Olive 

70 

0-2 

190-9 

71 

Almond    . 

72 

00 

191-8 

71 

Aracbis 

64 

00 

191-6 

67 

Sesam^     . 

68-5 

0-7 

190-6 

69-5 

Cacao  butter 

64 

00 

193-9 

65-5 

Poppy-seed 

70-5 

0-3 

191-3 

71 

Linseed     . 

68 

0-2 

189-6 

70-5 

Tallow      . 

62 

01 

197-7 

64 

I.ard 

04 

10 

196-8 

62 

.   Ck)d  liver  . 

65 

1-2 

186-2 

59 

It  will  be  readily  understood  from  these  figures  that  the 
presence  of  a  hydrogenated  oil  greatly  increases  the  diffi- 
culty of  ascertaining  the  nature  of  a  fat,  and  may  even 
render  the  problem  insoluble. 

Uses  of  Hydrogenated  Oils. — The  early  products  of  the 
hydrogenation  process  were  used  exclusively  for  tech- 
nical purposes,  such  as  soap-making  and  the  manufacture 
of  candles,  and  it  was  some  time  before  edible  hardened 
fats  were  prepared. 

When  the  processes  had  been  sufficiently  simplified  all 
kinds  of  oils  were  hardened,  and  used  in  the  manufacture 
of  margarine,  artificial  lard,  and  the  like.  For  example, 
instead  of  using  mixtures  of  oleostearin  with  cotton -seed 
or  maize  oils  as  the  basis  of  margarine,  these  oils  were 
hydrogenated  either  alone  or  in  admixture  with  soft  fats, 
such  as  coconut  oil,  until  products  of  the  required  con- 
sistence were  obtained. 

At  one  time  traces  of  nickel  were  invariably  present  in 
fats  which  had  been  hydrogenated  with  the  aid  of  a  nickel 
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catalyst,  and  the  results  of  various  feeding  experiments 
have  been  published  to  show  that  such  traces  are  of  no 
importance  from  a  health  point  of  view. 

Moreover,  steps  are  now  taken  to  remove  the  nickel, 
by  treatment  with  hydrochloric  acid,  or  otherwise,  from 
the  hydrogenated  products,  and  the  metal  is  seldom 
present  in  the  fats  intended  for  food  purposes. 

It  has  been  found  by  Klimont  and  Mayer  that  although 
hydrogenation  removes  the  disagreeable  odour  of  fish  or 
whale  oils  there  is  a  tendency  for  the  odour  to  reappear 
after  the  fats  have  been  kept  for  some  time,  and  in  their 
opinion  this  is  the  chief  objection  to  the  use  of  such 
hydrogenated  oils  in  margarine. 


CHAPTER  V 

BUTTER 

Butter  Fat. — The  fat  contained  in  suspension  in  the 
milk  of  mammals  differs  considerably  in  chemical  com- 
position from  the  body  fat  of  the  same  animals.  The 
latter  consists  mainly  of  glycerides  of  the  higher  fatty 
acids,  notably  stearic,  palmitic,  and  oleic  acids  in 
varying  proportions,  whereas  in  the  case  of  milk  fats 
there  is,  in  addition  to  compounds  of  these  fatty  acids, 
a  large  proportion  of  glycerides  of  volatile  fatty 
acids. 

It  is  upon  this  characteristic  feature  of  butter  fat  that 
many  of  the  methods  of  detecting  foreign  fats  in  butter 
are  based. 

A  specimen  of  butter  fat  examined  by  Brown  yielded 
86*40  per  cent,  of  insoluble  fatty  acids  and  8-35  per  cent, 
of  soluble  volatile  fatty  acids.  The  former  included 
32'85  per  cent,  of  oleic  acid,  1-83  per  cent,  of  stearic  acid, 
38-61  per  cent,  of  palmitic  acid,  9-89  per  cent,  of  myristic 
acid,  and  2-57  per  cent,  of  lauric  acid.  The  soluble 
volatile  acids  were  made  up  of  5*45  per  cent,  of  butyric 
acid,  2*09  per  cent,  of  caproic  acid,  0-49  per  cent,  of 
caprylic  acid,  and  0-32  per  cent,  of  capric  acid. 

The  low  proportion  of  stearic  acid  found  was  in  accord- 
ance with  the  direct  estimations  made  by  Hehner  and 
Mitchell,  who  obtained  only  small  amounts  in  their 
examination  of  the  fatty  acids  from  a  large  number  of 
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samiiles  of  butter  fat  of  different  origin.  It  was  interest- 
ing to  note,  that  after  the  fatty  acids  had  been  exposed 
to  the  air  for  some  weeks,  there  was  apparently  a  gradual 
formation  of  stearic  acid. 

By  the  use  of  a  modification  of  this  method,  however, 
Holland,  Reed  and  Buckley  (J.  Amer.  Chern.  Soc.,  1916, 
xxi.  200)  separated  from  7  to  22  per  cent,  of  stearic 
acid.  They  also  found  that  the  proportion  of  stearic 
acid  in  the  insoluble  fatty  acids  varied  with  the  nature 
of  the  oil  in  the  food  of  the  cows. 

The  general  composition  of  butter  fat,  as  shown  by  the 
examination  of  Brown  {supra)^  is  as  follows  :— 


Glyceridcs  of — 


Per  Gent. 


Dihydroxystearic  acid         ......  1  -04 

Oleic  acid 33 '95 

Stearic  acid  ........  1-91 

Palmitic  acid  ........  40'51 

Myristic  acid  ........  10'44 

Laurie  acid 2*73 

Capric  acid  ........  034 

Caprylic  acid  ........  Oo3 

Caproic  acid  ........  2*32 

Butyric  acid 6  23 


Naturally,  different  specimens  of  butter  may  show  wide 
variations  in  the  proportions  of  their  different  constituents, 
but  the  above  may  be  taken  as  typical  and  as  an  illustra- 
tion of  the  more  complex  character  of  milk  fat  than  that 
of  a  body  fat. 

The  glycerides  in  butter  fat  are  probably  present  in  the 
form  of  mixed  glycerides,  though,  as  yet,  certain  proof  of 
this  is  wanting. 

Butter. — Commercial  butter  consists  of  butter  fat,  water, 
casein,  and  salt,  the  proportion  of  fat  usually  ranging  from 
about  84  to  87  per  cent. 
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The  following  results  obtained  by  Vieth  (Analyst,  1891, 
x\d.  1)  show  the  average  composition  to  be  expected  :  — 


Butter. 

Fat, 

Curd, 

Salt, 

Water, 

per  cent. 

per  cent. 

per  cent. 
1-87 

per  cent. 
13-42    1 

Danish  (17  samples) 

1 

83-41 

1-30 

English  (72  samples)    . 

8«'85 

0-59 

1-02 

11-54 

French  (fresh,  108  samples) 
P'reneh  (salted,  5  samples)    . 

84-77 

1-38 

0-09 

13-76 

84-34 

i-r>o 

201 

1205 

Kiel  (4  samples) 

85-24 

117 

1-35 

12-24 

Swedish  (25  samples)  . 

83-89 

1 

1-33 

2-03 

13-75 

Water. — Statutory  regulations  are  in  force  in  many 
countries  to  limit  the  permissible  amount  of  water  in 
butter.  In  Great  Britain  and  Ireland  pure  butter  must 
not  contain  more  than  16  per  cent,  of  moisture,  whilst  the 
so-called  "  milk-blended  butter  "  is  not  allowed  to  exceed 
the  limit  of  24  per  cent. 

The  following  limits  are  in  force  in  other  countries  : 
Belgium,  18  per  cent,  unless  declared;  Germany,  18  per 
cent,  for  unsalted  butter  and  16  per  cent,  for  salted 
butter ;  United  States,  16  per  cent. ;  Canada,  16  per  cent. ; 
Queensland,  16  per  cent.;    Victoria,  15  per  cent. 

These  regulations  have  been  found  necessary,  owing  to 
the  readiness  with  which  a  large  excess  of  water  (over 
25  per  cent.)  may  be  churned  into  a  butter  without 
making  it  appear  abnormally  moist  or  interfering  with 
its  sale. 

The  effect  of  "  salting  "  butter  is  to  reduce  the  amount 
of  moisture,  as  is  shown  in  the  results  of  Vieth,  quoted 
in  the  table  given  above. 

Richmond  considers  that  the  best  proportion  for  a 
butter  that  is  meant  to  keep  well  is  13*5  per  cent. 

Salt. — There  is  no  regulation  as  to  the  amount  of  salt 
that  may  be  added  to  butter,  and  the  proportion  will 
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(le[)ond  upon  the  popular  taste:  sometimes  as  much  as 
10  per  cent,  may  be  found. 

Curd.— This  term  represents  not  only  the  solid  nitro- 
genous substances  derived  from  the  casein  of  the  milk, 
but  also  the  milk  sugar,  etc.,  and  its  amount  is  roughly 
estimated  by  subtracting  from  100  the  percentages  of 
butter  fat,  moisture,  and  ash  which  have  been  separately 
determined.  The  proportion  thus  found  varies  from  a 
fraction  of  1  per  cent,  to  about  1-75  per  cent.,  the  average 
being  a  little  over  I  per  cent. 

More  accurate  estimations  of  the  true  casein  are 
obtained  by  determining  the  amount  of  nitrogen,  and 
calculating  the  quantity  of  casein  from  the  result. 

Keeping  Properties  of  Butter. — Rogers  and  Gray  have 
studied  tlie  effect  of  the  acidity  of  the  cream  upon  the 
flavour  of  butter  (U.S.  Dept.  Agiicult.,  1909,  Bull. 
No.  119).  They  show  that  butter  is  liable  to  develop 
unpleasant  flavours  even  when  stored  at  temperatures 
as  low  as  —  10°  F.,  and  that  the  amount  of  alteration 
increases  with  the  acidity  of  the  cream  from  which  the 
butter  was  prepared. 

Ko  micro-organisms  to  which  the  more  rapid  deteriora- 
tion of  butter  from  very  acid  cream  could  be  attributed 
were  detected,  nor  did  the  changes  appear  to  be  due  to 
the  action  of  enzymes. 

When  the  butter  had  been  made  from  steriUsed  cream 
acidified  with  various  acids  there  was  a  gradual  develop- 
ment of  unpleasant  flavours,  and  this  result  indicated  that 
the  acid  normally  produced  in  milk  by  the  lactic  acid 
bacteria  had  an  influence  in  bringing  about  slow  decom- 
position of  unstable  compounds  in  the  butter. 

Butter  made  from  sweet  sterilised  cream  was  found  to 
show  much  less  tendency  to  change  on  storage  than  that 


64  EDIBLE   FATS  AND   0IL8 

made  in  the  ordinary  way,  but  the  flavour  would  as  a  rule 
be  regarded  as  too  insipid. 

Flavours  derived  from  the  wood  of  the  churn,  or  other 
external  sources,  would  also  be  much  more  noticeable  in 
the  case  of  such  butter  than  in  that*  made  from  soured 
cream. 

This  lack  of  flavour  has  been  shown  by  Storch  to  be 
due  to  absence  of  the  products  of  certain  bacteria  which 
develop  in  the  souring  of  the  cream,  and  various  species 
have  been  isolated,  each  imparting  characteristic  proper- 
ties to  the  butter. 

Thus  Conn  has  demonstrated  the  practical  advantages 
of  inoculating  the  cream  with  cultures  of  specific  bacteria, 
and  has  shown  that  in  this  way  it  is  possible  to  give  to 
the  butter  the  particular  flavours  which  previously  had 
only  been  naturally  produced  at  certain  periods  of  the 
year.  At  the  same  time,  butter  thus  artificially  ripened 
was  found  to  keep  better  and  to  retain  its  flavour  longer 
than  that  prepared  by  the  older  method.  This  method 
of  artificial  inoculation  with  specific  organisms  has  been 
successfully  emplo3^ed  on  a  large  scale  in  America. 

Burr  and  Wolff  (Milch wirtschaftl.  ZentraWL,  1910,  vi. 
2U)  have  studied  the  effect  of  the  parchment  wrappings 
of  butter  upon  the  keeping  qualities,  and  have  found  that 
under  certain  conditions  parchment  paper  affords  a 
suitable  medium  for  the  growth  of  moulds. 

The  main  factors  influencing  this  growth  are  a  high 
l)ercentage  of  moisture  in  the  butter  and  the  access  of  air. 
The  presence  of  1  to  1-5  i>er  cent,  of  salt  checks  the 
growth,  whereas  unsalted  butter  is  readily  attacked. 

A  method  of  improving  the  keeping  qualities  of  butter  has 
been  based  upon  the  sterilising  action  of  ultra-violet  rays 
upon  the  water  used  for  washing  the  butter  in  the  dairy. 
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It  has  been  pertinently  pointed  out  by  Domic  and  Daire 
(Cojnples  Rend.,  1909,  149,  355)  that  it  avails  little  to 
prepare  butter  from  sterilised  cream  if  the  water  used  for 
washing  it  contain  micro-organisms  which  tend  to  produce 
rancidity. 

The  apparatus  employed  by  Domic  and  Daire  consists 
of  a  tank  lined  with  glass,  and  provided  with  glass  parti- 
tions over  which  the  water  passes,  and  receives  the  ra^-^s 
from  two  quartz  electric  lamps,  which  are  inserted  through 
holes  in  the  cover ^f  the  tank. 

About  3000  litres  of  water  can  thus  be  rendered  practi- 
cally sterile  in  a  day,  the  number  of  bacteria  V)eing  reduced 
by  the  treatment  to  an  insignificant  quantity. 

The  cream,  or  the  butter  itself,  might  be  rendered 
sterile  by  this  process,  but  an  unpleasant  flavour  produced 
by  the  action  of  the  ozone  formed  by  the  lamps  prevents 
the  method  being  successfully  employed  in  practice. 

A  French  patent  has,  however,  been  taken  out  (l^o. 
400,921  of  1909)  for  steriUsing  butter  or  other  fats  in  this 
way.  The  substance  is  spread  in  a  thin  layer  upon  an 
endless  band  or  revolving  drum,  the  movement  of  which 
carries  it  past  a  series  of  lamps  emitting  ultra-violet 
rays. 

Rancidity  of  Butter. — There  appears  to  be  little  doubt 
but  that  micro-organisms  may  play  a  part  in  the  produc- 
tion of  rancidity  in  butter,  although  the  presence  of  light 
and  air  are  probably  the  chief  factors  in  the  changes  that 
take  place. 

Laxa,  who  studied  the  question  with  especial  reference 
to  butter  {Arch.  Hyg.,  1902,  xli.  119),  found  that  several 
mould  fungi,  and  at  least  one  bacillus  (B.  fiuorescens  lique- 
faciens)i  were  capable  of  gro\Wng  upon  media  containing 
butter  fat  and  of  breaking  up  the  glycerides,  with  the 
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liberation  of  free  fatty  acids,  which  were  then  in  turn 
decomposed. 

The  acidity  of  the  fat  increases  with  the  progress  of  the 
rancidity,  but  not  necessarily  proportionately,  and  a 
specimen  of  butter  fat  in  which  the  oxidation  products  to 
which  the  rancid  taste  and  odour  are  due  may  have  a 
lower  acid  value  than  butter,  which  shows  no  trace  of 
rancidity. 

Many  of  the  compounds  produced  in  the  development 
of  rancidity  are  soluble,  and  may  be  ^parated  from  the 
fat  by  washing  it  with  water.  Advantage  is  taken  of  this 
fact  in  the  preparation  of  "  process  "  butter  from  stale  or 
unsaleable  genuine  butter. 

IssogUo's  test  (p.  52)  might  be  applied  to  detect 
rancidity  in  butter,  but,  as  a  rule,  reUance  is  mainly  placed 
upon  the  taste. 

Renovated  Butter. — A  product  sold  in  large  quantities 
under  the  name  of  renovated  or  "  process  "  butter  is 
prepared  by  melting  down  the  fat  of  old  butter,  separat- 
ing it  from  the  curd  and  water,  chilUng  it  upon  ice,  and 
re-chuming  it  with  fresh  milk  and  whey.  By  this  means 
the  casein  is  restored  to  the  butter,  and  a  mixture  is 
obtained  which  answers  to  the  chemical  tests  for  fresh 
butter,  but  lacks  its  fresh  flavour. 

Several  methods  are  employed  for  distinguishing 
process  butter  from  the  genuine  product,  the  most  satis- 
factory of  which  are  based  upon  the  physical  alteration 
of  the  butter  fat  in  the  processes  of  melting  and  con- 
gealing. Thus,  in  the  case  of  ordinary  butter  the  separated 
fat  when  examined  under  the  microscope,  does  not  show 
the  crystaUine  structure  of  the  fat  from  renovated  butter, 
and  the  difference  is  still  more  pronounced  when  the  fats 
are  compared  in  polarised  light. 
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Other  tests  upon  which  a  judgment  may  be  based  are 
the  greater  sohibility  of  the  "  process  "  fat  in  glacial 
acetic  acid  (Cochran) ;  and  the  appearance  and  behaviour 
of  the  separated  curd,  wliich  is  gelatinous  when  derived 
from  fresh  butter,  and  granular  and  flocculent  when 
obtained  from  renovated  butter,  whilst  a  further  distinc- 
tion has  been  based  on  the  ratio  between  the  casein  and 
the  albumins. 

Hess  and  Doolittle  (J.  Amer,  Chem.  Soc.y  1900,  xxii. 
150)  also  observed  a  difference  in  the  behaviour  of  the  two 
products  when  heated,  genuine  butter  foaming,  whilo 
process  butter  splutters  in  the  same  way  as  margarine,  from 
which,  however,  it  may  be  distinguished  by  other  tests. 

The  trade  in  process  butter  is  much  more  extensive  in 
the  United  States  than  in  this  country,  and  numerous 
patents  have  been  taken  out  to  obtain  a  product  which 
shall  imitate  ordinary  butter  still  more  closely. 

Among  them  is  the  process  claimed  by  Roos  (U.S.  Pat. 
854,383,  1907).  The  fat  separated  from  the  old  butter 
is  melted  and  heated  to  a  temperature  of  108®  to  110®  F., 
and  is  then  termed  "  butter  oil." 

About  five  parts  of  it  are  added  to  three  parts  of  a  pre- 
viously churned  mixture  of  acidified  skimmed  milk  and 
fresh  whole  milk,  and  the  whole  stirred  up  until  an  emul- 
sion is  obtained.  Tliis  is  treated  with  cold  water  to  cause 
crystallisation,  and  the  resulting  crystals  are  mixed  with 
salt  and  exposed  to  the  air  for  some  time  at  the  ordinary 
temperature,  after  which  the  mass  is  thoroughly  kneaded 
to  expel  the  salt  and  the  excess  of  milk. 

Preservatives  in  Butter. — Butter,  which  at  one  time  was 
heavily  salted,  is  now  frequently  preserved  by  the  addition 
of  a  small  amount  of  borax  or  other  compound  of  borio 
acid. 
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The  prevalence  of  the  practice  was  shown  by  the 
evidence  given  by  leading  representatives  of  the  butter 
industry  before  the  Departmental  Committee  on  Preserva- 
tives in  Food  (1901).  One  of  these  witnesses  informed  the 
Committee  that  his  firm  had  ceased  to  use  heat  sterilisa- 
tion of  the  cream,  as  it  was  found  to  impair  the  flavour 
of  the  butter. 

It  was  further  shown  that  the  butter  imported  from 
Australia,  Normandy,  etc.,  contained  0-5  per  cent,  of 
boric  acid;  and  that  this  amount  was  regarded  by  the 
trade  as  sufl&cient  for  the  purpose. 

In  their  report  the  Committee  recommended  that  no 
preservative  other  than  boric  acid  or  borax,  or  mixtures 
of  the  two,  should  be  permitted  to  be  used  in  butter  or 
margarine,  and  that  the  proportion  should  not  exceed 
one -half  per  cent. 

An  attempt  was  made  in  France  to  prohibit  absolutely 
the  use  of  preservatives  in  butter,  but  the  needs  of  the 
trade  were  too  strong,  and,  as  was  mentioned  above,  the 
butter  imported  into  this  country  from  France  is  almost 
invariably  preserved. 

The  presence  of  boron  compounds  is  proved  by  melting 
the  butter,  separating  the  aqueous  portion,  rendering  it 
faintly  acid  with  hydrochloric  acid,  and  immersing  a  strip 
of  turmeric  paper  therein.  On  drying  the  paper  at  a 
gentle  heat  a  purple -red  coloration,  changing  to  bluish 
black  on  the  addition  of  ammonia  solution,  indicates  the 
presence  of  boric  acid. 

Tests  are  sometimes  applied  for  other  preservatives, 
such  as  salicylic  acid,  sodium  benzoate,  sodium  fluoride, 
and  formalin,  but  these  compounds  are  not  of  common 
occurrence  in  butter. 

Some  years  ago  butter  intended  for  export  to  tropical 
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countries  was  preserved  by  the  addition  of  a  fairly  large 
proportion  of  glucose.  This  practice  was  most  common  in 
France. 

Physical  Characteristics. — Butter  fat  has  a  specific 
gravity  ranging  from  about  0-907  to  about  0-913  at  35®  C, 
whereas  the  specific  gravity  of  the  animal  fats  used  as 
adulterants  is  considerably  higher. 

It  has  been  shown  by  Skalweit  (J.  Soc.  Chem.  Intl., 
1894,  xiii.  54)  that  these  differences  are  most  i)ronounced 
at  a  temperature  of  35*  C,  as  is  illustrated  by  the  following 
table  : — 


Temperature,  "C. 

Lard. 

Maigarine. 

Batter  Fat. 

35 

0-9019 

0-9017 

0-9121 

50 

0-8923 

0-8921 

0-9017 

60 

0-8859 

0-8857 

0-8948 

70 

0-8795 

0-8793 

0-8879 

80 

0-8731 

0-8729 

0-8810 

90 

0-8668 

0-8665 

0-8741 

100 

0-8605 

0-8601 

0-8672 

The  specific  gravity  of  coconut  oil  is  also  greater  than 
that  of  animal  fats. 

Solubility. — Butter  fat  is  considerably  more  soluble 
than  animal  body  fats  in  various  solvents,  such  as  glacial 
acetic  acid,  alcohol,  etc.,  and  on  this  property  have  been 
based  several  rapid  **  sorting  "  tests  for  distinguishing 
between  pure  and  adulterated  butter. 

One  of  these  tests,  known  as  the  Valenta  test,  gives  the 
temperature  at  which  a  solution  of  a  definite  quantity 
of  the  fat  in  a  definite  quantity  of  hot  glacial  acetic  acid 
becomes  turbid  on  cooling  the  liquid. 

The  following  figures  obtained  by  Chattaway,  Pearmain, 
and  Moor,  show  the  difference  between  butter  and 
margarine  : — 
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Haximam. 

Minimam. 

Mean. 

'    Butter  fat    .... 
Maiigarine    .... 

390 
97-0 

29-0 
94-0 

360 
95-5 

The  natural  variation  in  this  respect  between  different 
samples  of  genuine  butter  is  thus  too  great  to  permit 
of  the  detection  of  small  quantities  of  margarine  in 
butter. 

Refractometric  Examination. — The  difference  in  the 
refractive  power  of  butter  fat  and  margarine  is  a  valuable 
means  of  obtaining  a  preliminary  idea  as  to  the  purity 
of  a  sample  of  butter,  and  several  instruments  have  been 
specially  constructed  for  the  purpose.  The  most  widely 
used  of  these  is  termed  a  hidyro-rejraciometer ,  and  it  is 
readily  possible  by  its  means  to  distinguish  in  a  few  minutes 
between  pure  and  grossly  adulterated  butter.  Here 
again,  however,  the  variations  in  the  readings  of  samples 
of  genuine  butter  of  different  origin  are  sometimes  greater 
than  between  a  sample  of  pure  butter  and  one  adulterated 
with  a  small  percentage  of  margarine.  Thus  Crismer 
found  that  two  pure  samples  of  butter  fat  gave  readings 
of  45-8  and  46,  whilst  two  adulterated  samples  gave  read- 
ings of  45-2  and  45-6  at  40°  C. 

The  readings  obtained  by  Thorpe  (J.  Chem.  Soc,  1904, 
Ixxxv.  254),  in  the  examination  of  371  samples  of  English 
butter  fat,  ranged  from  37-3  to  430  at  45°  C,  whilst 
readings  of  42-0  to  47-6  have  been  recorded  for  the  fat 
from  Dutch  butters. 

Chemical  Characteristics.-  Owing  to  the  large  propor- 
tion of  fatty  acids  of  low  molecular  equivalent  present  in 
butter  fat,  the  saponification  value  is  naturally  very 
high,  ranging  from  about  219  to  240,  though  values  both 
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above  and  below  these  figures  have  been  recorded  for 
genuine  butter. 

Since  coconut  oil  also  has  a  high  saponification  value 
(254  to  260),  mixtures  of  animal  fat  with  that  fat  may 
readily  be  prepared  which  will  give  figures  within  the 
normal  limits  for  butter  fat. 

The  proportion  of  free  fatty  acids  in  freshly  churned 
butter  fat  is  very  small  (about  O'Ol  grm.  per  kilo,  accord- 
ing to  Duclaux),  but  it  gradually  increases  as  the  butter 
is  kept.  A  determination  of  the  acid  value  may  therefore 
afford  some  indication  of  the  age  of  a  sample  of  butter. 

The  iodine  value  of  pure  butter  fat  is  usually  between 
25  and  40,  but  is  liable  to  fluctuate  considerably  with  the 
nature  of  the  food  given  to  the  cows. 

Of  all  the  different  so-called  constants,  the  Hehner, 
Reichert  and  Polenske  values,  described  below,  are  the 
most  important  as  tests  of  purity,  and  an  official  method 
of  determining  the  Reichert  value  has  been  established 
in  this  country,  so  as  to  eliminate  errors  due  to  variations 
in  the  size  of  the  apparatus,  duration  of  distillation,  etc. 

Hehner  and  Reichert  Values. — The  chief  substances  used 
in  the  adulteration  of  butter  are  beef  fat  and  pig*s  fat  (in 
the  form  of  margarine),  vegetable  oils  (also  mainly  in 
margarine),  and  (especially  of  late)  coconut  oil  and  palm- 
kernel  oil. 

The  methods  of  distinguishing  between  butter  fat  and 
other  animal  fats  are  based  upon  the  high  proportion  of 
soluble  volatile  acids  in  the  former,  and  their  practical 
absence  from  the  latter. 

Originally  the  test  was  devised  by  Hehner,  who 
measured  the  amounts  of  insoluble  fatty  acids  yielded  by 
butter  fat,  and  showed  that  they  were  very  much  less 
than  those  given  by  other  fats. 
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It  is  now  more  usual,  however,  to  employ  the  more 
rapid  process  devised  by  Reichert  (with  modifications 
by  other  chemists),  in  which  the  fatty  acids  are  distilled 
under  definite  conditions  which  must  be  rigidly  followed, 
and  the  proportion  of  them  thus  obtained  is  estimated 
by  neutralisation  with  a  standard  solution  of  alkali. 
The  details  of  the  method  are  described  at  length  in  Chap- 
ter IX.  The  result  is  then  expressed  in  the  number  of 
cubic  centimetres  of  this  standard  alkali,  and  is  termed 
the  Reichert  (or  Reichert-Meissl)  value  of  the  fat. 

The  Reichert-Meissl  value  of  pure  butter  fat  has  been 
found  to  vary  under  ordinary  conditions  from  about  20 
to  33,  though  figures  far  beyond  either  of  these  limits  have 
been  recorded  in  exceptional  cases. 

The  values  obtained  by  Thorpe  (J.  Chem.  Soc,  1904, 
Ixxxv.  254),  with  357  samples  of  English  butter  ranged 
from  22-5  to  32-6. 

In  calculating  the  amount  of  foreign  fat  in  a  butter 
from  this  value  it  is  assumed  as  an  arbitrary  figure  that 
an  average  butter  fat  has  a  Reichert-Meissl  value  of  28-78, 
and  the  percentage  of  added  fat  may  thus  be  found 
approximately. 

The  difficulty,  however,  is  that  the  values  normally 
range  so  widely  above  and  below  this  average,  that  it 
is  quite  possible  to  add  10  (or  more)  per  cent,  of  foreign 
fat  to  a  butter  with  a  high  Reichert-Meissl  value,  and  still 
have  a  product  giving  a  normal  value. 

On  the  other  hand,  cows  frequently  produce  butter 
which  gives  a  value  far  below  the  standard  figure,  and 
without  special  knowledge  of  the  conditions  to  which 
this  abnormality  is  due  the  butter  may  be  condemned 
as  adulterated  with  foreign  fat. 

This  was  shown  in  a  striking  manner  a  few  years  ago, 
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when  large  quantities  of  butter  imported  into  this  country 
from  Holland  were  condemned  as  adulterated  on  account 
of  their  low  Reichert-Meissl  values. 

The  causes  of  this  abnormality  were  investigated  by 
Van  Rijn,  who  found  that  the  mixed  butter  of  a  herd  of 
cows  might  vary  in  its  Reichert-Meissl  value  from  17-0 
to  32- 1. 

The  low  figures  were  found  to  coincide  with  the  end  of 
the  pasturage  season,  for  after  the  cows  had  been  stalled 
for  a  short  time  the  butter  became  normal  again.  For 
example,  the  butter  from  a  herd  of  seven  cows  had  a 
Reichert-Meissl  value  of  24' 4  on  September  11,  which  had 
fallen  to  19-0  on  October  23.  The  animals  were  then  taken 
from  the  fields,  and  their  butter  gave  the  following  values  : 
November  6,  21-5 ;  November  20,  23*1 ;  and  December  11, 
25-4. 

This  conclusion  as  to  the  effect  of  leaving  the  cows  too 
late  in  the  fields  was  borne  out  by  the  results  of  a  Com- 
mission appointed  to  investigate  the  causes  of  abnormality 
of  the  butter  produced  in  Belgium. 

It  was  found  that  the  butter  giving  such  results  was 
generally  the  product  of  small  herds  of  cows;  that  its 
occurrence  was  most  pronounced  in  the  last  four  months  of 
the  year ;  and  that  with  the  return  of  spring  the  values 
became  normal  again. 

The  variations  in  this  respect  in  English  butters  at 
different  periods  of  the  year  are  shown  in  the  following 
results  given  by  Thorpe  (loc.  cit.) : — 


May. 

June. 

July. 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

lUr. 

April. 

Minimum 
Maximum 

26-5 
32-8 

260 
32-8 

22-5 
31*4 

23-4 
30-5 

22-4 
29-6 

22-3 
29-6 

23-3 
32-9 

23-9 
.30-4 

25-6 
31-0 

22-0 
31-6 

271 
34-3 

25-3 
331 
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It  may  be  mentioned  that  in  Belgium  the  sale  of  butter 
showing  a  lower  Reichert-Meissl  figure  than  28  is  pro- 
hibited by  law,  whilst  in  the  United  States  the  minimum 
value  is  fixed  at  24. 

Poor  feeding  has  also  an  influence  in  lowering  the 
Reichert-Meissl  value,  and  to  this  cause  must  be  attributed 
the  low  values  frequently  found  in  the  case  of  Siberian 
butter. 

Another  factor  influencing  the  degree  of  the  Reichert- 
Meissl  value  is  the  time  that  has  elapsed  since  calving. 
Thus  it  was  shown  by  Kreit  (Analyst,  1893,  xviii.  134) 
that  the  values  obtained  at  an  early  period  of  lactation 
were  invariably  higher,  and  that  they  then  gradually  fell. 
In  some  cases  the  butter  from  the  milk  of  cows  that  had 
recently  calved  reached  the  high  Reichert-Meissl  value  of 
34-4. 

This  also  affords  the  explanation  of  the  occasionally 
low  Reichert-Meissl  values  of  Irish  butter,  which,  as  has 
been  proved  by  Ball  (Analyst,  1907,  xxxii.  202),  coincides 
with  a  period  when  the  milk  has  been  derived  from  cows 
at  the  very  end  of  lactation.  This  period  lasts  for  about 
six  weeks,  during  which  time  the  milk  is  richest  in  fat,  while 
the  fat  shows  the  lowest  Reichert-Meissl  values.  Thus 
the  following  results  were  obtained  with  butters  churned 
on  December  19,  1906  :— 


r.imerick. 


Reichert-Meissl  values    .        22'7 


Braree. 
21-6 


Mallow. 
23-3 


Olonmol.   Tipperaiy. 


23-6  221 


The  same  abnormality  does  not  occur  in  England, 
where  the  calving  of  the  cows  is  distributed  over  the  whole 
year,  instead  of,  as  in  Ireland,  taking  place  within  six 
weeks  of  one  another. 
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It  is  also  possible  that  sufficient  attention  may  not 
be  given  to  the  cows  in  Ireland,  since  the  effect  of  feeding 
and  good  housing  is  to  raise  the  Reichert-Meissl  value  of 
the  butter,  even  in  the  case  of  cows  at  the  end  of  their 
lactation  period. 

Influence  of  the  Food  of  the  Cows.— The  results  of 
numerous  feeding  experiments,  in  which  quantities  of 
different  oils  and  fats  were  mixed  with  the  daily  fodder 
of  the  cows,  have  shown  that  the  nature  of  the  butter 
fat  may  be  appreciably  affected  in  this  way.  Thus 
Werenskiold  (Chern.  ZentralbL,  1900,  ii.  215)  proved  that 
cotton-seed  oil  could  be  detected  in  the  fat  from  the  milk 
of  cows  which  had  taken  a  small  amount  of  cotton-seed 
oil-cake  with  their  food,  and  this  result  was  in  agreement 
with  the  results  of  experiments  carried  out  for  the  Board 
of  Agriculture  in  this  country  {Analyst^  1898,  xxiii.  255). 

As  a  rule,  however,  the  colour  reaction  indicating  the 
presence  of  cotton-seed  oil  is  very  slight,  and  does  not 
correspond  to  a  proportion  of  more  than  1  per  cent. 

In  the  analogous  experiments  of  the  Agricultural 
Board  with  sesam6  oil-cake  the  butter  from  the  cows  did 
not  give  the  characteristic  colour  reaction  for  that  oil, 
even  after  they  had  been  fed  upon  it  for  several  weeks. 

There  is  also  evidence  to  show  that  the  characteristic 
fatty  acid  of  arachis  oil  does  not  pass  into  the  milk  of  cows 
fed  upon  arachis-seed  cake;  but  it  has  been  shown  by 
Paal  and  Amberger  (Zeit.  Unters.  Nahr.  Genussm.,  1909, 
xvii.  1)  that  feeding  the  animals  upon  copra  may  have  some 
influence  upon  the  composition  of  their  milk  fat,  .and 
increase  the  proportion  of  insoluble  volatile  fatty  acids. 

Opinion  is  divided  as  to  the  advisability  of  having  a 
fixed  standard  for  a  chemical  property  such  as  the  Reichert 
value.     Although  such  a  limit  as  is  fixed  in  Belgium 
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excludes  all  doubt  in  condemning  samples  that  fall  below  it, 
yet,  as  was  found  in  the  case  of  lard  (p.  90),  a  fixed  standard 
leads  to  an  increase  in  the  amount  of  petty  adulteration, 
since  it  is  not  difficult  for  a  skilful  mixture  to  be  made 
that  will  answer  the  requirements  of  a  moderate  standard. 

In  any  case  there  is  even  now  a  systematic  attempt 
,  to  conform  with  what  the  adulterator  presumes  will  be 
the  standard  by  which  the  analyst  will  judge  his  product, 
and  the  present  writer  (S.)  has  frequently  examined  samples 
with  a  Reichert-Meissl  value  of  23  to  24  which  in  all 
probability  contained  a  small  quantity  of  foreign  fat,  but 
yet  might  conceivably  have  been  genuine  butter  contain- 
ing less  than  the  average  quantity  of  volatile  fatty  acids. 

Nor  does  it  follow  that  such  butter  is  necessarily  inferior 
as  a  food,  for  there  is  no  proof  that  a  slight  deficiency  in 
the  amount  of  the  glycerides  of  volatile  fatty  acids  affects 
the  iiutritive  value  of  the  whole  fat. 

Coconut  Oil  in  Butter. — The  addition  of  coconut  oil 
to  butter,  which  has  become  increasingly  prevalent  of 
late  years,  has  the  effect  of  lowering  the  Reichert-Meissl 
value  to  a  much  smaller  extent  than  the  addition  of  animal 
fat. 

This  is  due  to  the  fact  that  coconut  oil  has  itself  a 
Reichert-Meissl  value  of  7  to  8,  indicating  the  presence  of 
a  considerable  amount  of  soluble  volatile  fatty  acids,  and 
it  is  therefore  possible  to  prepare  a  mixture  of  animal  fat, 
coconut  oil,  and  fluid  vegetable  oil,  which  can  be  added  to 
butter  in  a  fairly  large  proportion  without  reducing  the 
Reichert-Meissl  value  of  the  latter  below  24  or  25. 

The  problem  of  detecting  coconut  oil  in  butter  has 
therefore  received  much  attention  of  late,  and  numerous 
methods  have  been  devised  for  estimating  the  amount 
of  such  addition. 
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Speaking  generally,  these  ore  based  upon  the  fact  that 
coconut  oil  contains  a  high  percentage  of  lauric  acid  (up  to 
about  45  per  cent.),  whereas  that  acid  is  only  present  in 
very  small  proportion  in  butter  fat. 

Now,  since  lauric  acid  will  volatilise  in  a  current  of 
steam,  but,  unlike  the  lower  fatty  acids  (butyric,  caproio, 
caprylic,  and  capric  acids),  is  not  soluble  in  water,  it  is 
possible  to  obtain  a  measure  of  its  proportion  by  continu- 
ing the  distillation  as  in  the  Reichert-Meissl  process  until 
the  whole  of  the  volatile  fatty  acids  (soluble  and  insoluble) 
have  passed  over.  The  distillate,  when  filtered,  is  separ- 
ated into  two  portions — soluble  and  insoluble — and  the 
latter  may  be  dissolved  in  alcohol  and  its  acidity  deter- 
mined by  titration  with  standard  alkali  solution. 

The  Polenske  Value. — The  proportion  of  the  volatile 
insoluble  fatty  acids  obtained  under  specified  conditions, 
which  must  be  rigidly  adhered  to,  is  known  as  the 
"  Polenske  value,"  and  enables  an  estimate  to  be  formed 
of  the  amount  of  coconut  or  palm-kernel  oil  in  butter  or 
margarine.  The  details  of  the  method  are  described  in 
Chapter  IX. 

Another  method  devised  by  Blichfeldt  (J.  Soc.  Chem. 
Ind.,  1910,  xxix.  792),  is  based  on  the  determination  of 
the  proportion  of  total  volatile  fatty  acids,  and  of  the 
soluble  and  insoluble  silver  salts  yielded  by  them,  the 
results  being  expressed  in  equivalent  values.  The  follow- 
ing results  are  typical  of  those  obtained  by  this  method  : — 


Total  VoUtUe 
Fatty  Acids. 

Soluble 
surer  Salts. 

Inaolnble 
surer  Salts. 

3 
Id 
12 

Butter           .... 
Coconut  oil  . 
Palm-kernel  oil     . 

32 
20 
16 

29 

14 

3 
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In  Shrewsbury  and  Knapp's  method  {Analyst,  1910, 
XXXV.  385),  advantage  is  taken  of  the  fact  that  lauric 
acid,  the  predominating  fatty  acid  in  coconut  oil,  is  readily 
soluble  in  dilute  alcohol,  and  that  the  amount  of  standard 
alkali  required  to  neutralise  the  solution  >vill  afford  a 
measure  of  that  acid. 

When  thus  examined  under  comparable  conditions 
coconut  oil  gave  a  value  of  163,  whilst  various  samples  of 
butter  fat  gave  results  ranging  from  23-6  to  31-2.  It 
was  found  in  experimental  estimations  that  the  propor- 
tion of  coconut  oil  in  mixtures  of  that  fat  with  butter, 
calculated  from  the  results  of  this  method  was  about 
5  per  cent,  too  high. 

Another  method  for  the  detection  and  approximate 
estimation  of  coconut  and  palm-kernel  oils  and  butter 
has  been  based  by  Burnett  and  Revis  {Analyst^  1913, 
xxxviii.  255)  upon  the  degree  of  solubility  of  the  barium 
salts  of  the  insoluble  volatile  fatty  acids,  in  alcohol  of  a 
definite  strength.  The  temperature  at  which  the  solution 
of  the  barium  salts  prepared  imder  specified  conditions, 
becomes  turbid,  is  noted. 

Artificial  Colouring  Matters. — The  nature  of  the  food 
given  to.  the  cows,  their  breed,  and  the  season  of  the  year, 
all  have  an  influence  upon  the  colour  of  the  butter;  that 
produced  in  summer,  for  instance,  being  more  yellow 
than  that  produced  later  in  the  year. 

When  exposed  to  the  action  of  air  and  light  the  natural 
colour  of  butter  graduaUy  fades,  and  ultimately  the  fat 
becomes  colourless. 

The  popular  demand  for  a  butter  of  pronoimced  yellow 
colour — a  demand  inspired  by  the  belief  that  intensity 
of  colour  indicates  purity — has  led  to  the  artificial  colour- 
ing of  pale  butter. 
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The  colouring  matters  employed  for  this  purpose  include 
that  of  the  carrot,  annatto,  turmeric,  saffron,  marigold, 
and  various  aniline  dye-stuffs. 

Special  azo  dye-stuffs,  soluble  in  oil,  are  frequently 
used,  especially  in  the  United  States.  They  may  be 
detected  by  mixing  a  little  fuller's  earth  with  the  butter- 
fat  which  has  been  separated  from  the  curd,  the  earth 
assuming  a  pink  or  light  red  coloration  in  the  presence 
of  such  dyes. 

Since  in  the  United  States  the  sale  of  margarine  con- 
taining artificial  colouring  matters  is  prohibited,  the 
desired  yellow  colour  is  now  frequently  obtained  by  the 
use  of  palm  oil,  mustard-seed  oil,  and  similar  fats  of 
intense  colour.  Special  tests  have  therefore  been  devised 
for  the  detection  of  these  fats  in  butter. 


CHAPTER  VI 

LARD 

Rendering  of  Lard. — Lard  may  be  defined  as  the  fat 
separated  for  use  as  food  from  the  adipose  tissue  of 
the  pig. 

In  the  process  of  rendering  lard  the  tissue  is  first  finely 
divided  or  minced  in  a  machine,  or  is  crushed  between 
rollers,  and  is  then  heated  either  by  dry  heat  or  by 
means  of  steam  to  expel  the  fat  from  the  ruptured 
fat-cells. 

A  product  of  excellent  quality  is  obtained  by  subject- 
ing the  mass  to  dry  heat  at  a  temperature  just  sufficient 
to  melt  the  fat ;  and  a  process  of  this  kind  is  frequently 
used  in  the  preparation  of  the  fat  for  margarine. 

At  higher  temperatures  some  decomposition  of  nitro- 
genous compounds  in  the  adipose  tissue  takes  place,  and 
special  means  must  be  provided  for  carrying  ofif  the 
obnoxious  vapoiu*8  thus  produced. 

The  use  of  steam  in  a  steam-jacketed  pan  or  digester 
enables  the  temperatiu'e  to  be  regulated  with  greater 
nicety,  and  prevents  the  fat  being  overheated  and 
acquiring  a  burnt  flavour. 

A  more  rapid  process  of  rendering  lard  is  to  heat  the 

finely  divided  material  with  water  in  a  suitable  vessel 

and  subsequently  to  skim  off  the  fat  that  rises  to  the 

surface.     At   first  the   temperature  is  kept  as  low  as 

possible  in  order  to  separate  the  portions  of  the  fat  of 
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lowest  melting-point.  Then  the  temperature  is  raised, 
with  the  result  that  a  fat  of  greater  consistence  rises  to 
the  surface;  and  finally  the  water  is  brought  to  the 
boiling-point  to  separate,  as  far  as  is  jwssible  by  this 
means,  the  residual  fat.  In  this  way  a  fractionation  of 
the  lard  takes  place. 

A  process  more  frequently  employed  than  the  preceding 
one  is  that  in  which  the  adipose  tissue  is  rendered,  in  a 
closed  vessel  or  digester,  capable  of  resisting  the  action 
of  steam  introduced  under  pressure. 

Numerous  patents  for  apparatus  embodying  this  prin- 
ciple have  been  taken  out,  especially  in  the  United 
States,  various  modifications  of  the  mode  of  heating, 
separation  of  the  fat,  and  filtration  being  claimed. 

In  some  of  the  largest  works  in  Chicago  and  other 
centres  of  the  American  lard  industry  a  great  number 
of  such  digesters  is  employed,  some  of  them  having  a 
capacity  of  upwards  of  20,000  gallons.  Each  of  these 
vessels  is  reserved  for  its  particular  kind  of  fat,  so  as 
to  facilitate  the  speed  of  working. 

In  a  typical  digester  the  finely  minced  fatty  matter, 
which  has  been  separated  from  the  recently  killed  animal, 
is  introduced  from  above  through  a  man-hole,  which  is 
then  screwed  down  hermetically.  Within  the  digester  is 
a  perforated  false  bottom  upon  which  the  material  rests, 
and  beneath  this  is  a  perforated  steam  coil,  connected 
by  means  of  a  pipe  with  an  outside  boiler,  from  wliich 
steam  is  admitted  until  a  pressure  of  about  four  atmo- 
spheres is  shown  upon  the  gauge.  Condensed  water  is 
drawn  off  through  a  cock  near  the  bottom  of  the  vessel, 
while  a  similar  cock  is  provided  near  the  top  for  testing 
whether  the  fat  is  being  liberated.  After  a  digestion  of 
about  twelve  hours  the  steam  supply  is  shut  off,  and 
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the  pressure  in  the  digester  reduced  by  opening  the  safety 
valve.  Then,  after  standing  for  some  time  for  separation 
to  take  place,  the  aqueous  layer  is  drawn  oft  through 
taps  arranged  at  different  levels  near  the  bottom.  The 
rendered  fat,  which  has  separated  on  the  surface  as  a 
melted  layer,  is  next  withdrawn,  and  finally  the  residual 
mass  is  expelled  through  an  outlet  in  the  bottom,  which 
can  be  controlled  from  above  by  a  rod  passing  through 
the  body  of  the  apparatus. 

Commercial  Grades — In  the  United  States  (which 
probably  produces  more  lard  than  the  rest  of  the  world 
put  together)  various  grades  of  lard  are  recognised, 
depending  mainly  upon  the  part  of  the  animal  whence 
they  were  derived.  Thus,  according  to  Wiley  (U.S.  Dept. 
Agriculture,  BuU.  13),  the  following  descriptions  of  lard 
are  known  in  the  trade  : — 

(1)  Neutral  lard,  which  is  the  product  of  the  absolutely 
fresh  leaf  of  the  hog,  rendered  at  a  temperature  between 
106°  and  120°  F.  It  is  chiefly  used  in  the  manufacture 
of  margarine. 

(2)  Leaf  lard,  prepared  from  the  residue  left  after 
removal  of  neutral  lard  at  a  lower  temperature. 

(3)  Choice  steam  lard,  or  Choice  lard,  obtained  from  the 
residual  tissue  from  neutral  lard  and  from  adipose  tissue 
from  the  back  of  the  animal. 

(4)  Prime  steam  lard,  which  may  be  the  product  of 
any  part  of  the  animal,  and  especially  of  the  fatty  tissue 
from  the  head,  heart,  and  intestines. 

(5)  Ottts,  a  low  grade  of  lard  rendered  from  scraps  from 
any  part  of  the  animal,  with  the  exception  of  the  heart 
and  lungs. 

In  addition  to  these,  still  lower  grades  of  pigs'  fat, 
which  are  used  for  soap  and  other  technical  purposes, 


LARD  83 

are  separated  from  hogs  that  have  died  on  their  way  to 
the  slaughter-houses,  or  from  refuse  material.  These 
include  whitCy  brown  y  and  yellmv  greasty  and  pigs*  fool 
grease. 

More  recent  definitions,  issued  by  the  Chicago  Board 
of  Trade,  include  the  following  grades  : — 

(1)  Neutral  lard  No.  1,  which  consists  of  the  leaf  fat 
rendered  below  50°  C. 

(2)  Neutral  lard  No.  2,  derived  from  the  back  fat. 

(3)  Leal  lardy  obtained  by  digesting  the  residue  from 
(1)  with  high -pressure  steam. 

(4)  Choice  kettle-rendered  lard,  obtained  from  the  residue 
from  (2). 

(5)  Prime  steam  lardy  rendered  from  trimmings  and 
fatty  tissues  from  other  parts  of  the  animal  by  means 
of  high -pressure  steam. 

Greases  of  various  grades  are  obtained  from  the  intes- 
tines and  viscera. 

The  product  known  in  Germany  as  pure  lard  is  obtained 
by  a  process  of  steam-rendering,  followed  by  mechanical 
agitation  of  the  separated  fat  in  a  closed  vessel  until  it 
begins  to  solidify.  An  addition  of  a  small  proportion  of 
a  more  solid  lard  is  then  made,  or,  in  the  best  gi-ades,  a 
small  proportion  of  lard  stearin  is  added.  According  to 
Voigtlander  (Zeit.  angew.  Chein.,  1898,  857),  this  treat- 
ment, which  is  known  as  the  Hungarian  process,  prevents 
the  lard  becoming  fluid  on  keeping. 

American  lard,  even  when  free  from  any  addition  of 
vegetable  oil,  is  often  of  a  more  fluid  character  than 
European  lard,  this  being  due  partly  to  differences 
inherent  in  the  hogs  and  partly  to  the  influence  of  the 
food  given  to  the  animals. 

Composition. — Lard,  like  most  natural  products,  shows 
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wide  variations  in  its  chemical  and  physical  character- 
istics, and  this  increases  the  difficulty  of  basing  definite 
conclusions  as  to  purity  on  the  results  of  analyses.  Even 
in  the  case  of  the  same  animal  wide  variations  are 
observed  in  the  composition  of  fat  taken  from  different 
parts  of  the  body,  as  is  shown  below. 

Chemically  considered,  lard  may  be  said  to  consist  of 
glycerides  of  stearic,  palmitic,  lauric,  and  myristic  acids, 
and  of  the  liquid  fatty  acids,  oleic  and  linolic  acids ;  and 
the  different  physical  properties  of  different  samples  of 
lard  are  due,  in  the  main,  to  variations  in  the  proportions 
of  these  different  constituents.  For  instance,  the  firm 
fat  from  the  leaf  or  kidneys  of  the  animal  contains  fatty 
acids  with  a  high  percentage  (about  15  per  cent.)  of 
stearic  acid,  and  a  low  percentage  (about  58  per  cent.) 
of  oleic  acid;  whereas  the  fat  from  the  neck  and  back, 
which  is  very  soft,  contains  fatty  acids  with  about  9  per 
cent,  of  stearic  acid,  and  about  75  per  cent,  of  oleic  acid. 

Lard  Crystals. — A  curious  property  of  lard,  upon  which 
reliance  has  often  been  placed  as  a  test  of  purity,  is  that 
when  it  is  dissolved  in  ether  and  the  solution  is  gradually 
allowed  to  evaporate,  crystals  of  characteristic  form  are 
often  produced. 

The  fat  crystals  from  an  ordinary  soft  lard  have  flat 
edges  and  chisel -shaped  ends,  whereas  the  similar  crystals 
from  beef  fat  are  in  the  form  of  bunches  of  needle-shaped 
crystals.  A  small  proportion  of  beef  fat  added  to  a  soft 
lard  influences  the  crystaUisation  sufficiently  to  produce 
bunches  of  needle-shaped  crystals,  though  chisel-ended 
crystals  may  also  be  detected. 

Unfortunately  for  the  purpose  of  this  test,  flare  or  leaf 
lard  may  also  produce  crystals  which  very  closely  resemble 
those  derived  from  beef  fat,  and  this  resemblance  is 
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rendered  closer  by  re-crystallisation,  so  much  so  that 
in  some  cases  the  two  kinds  of  crystals  are  practically 
indistinguishable. 

Hehner  and  the  writer  (Mitchell)  found  that  the  needle- 
shaped  crystals  contained  a  higher  proportion  of  stearic 
acid  than  the  chisel -ended  crystals,  and  attributed  the 
characteristic  differences  to  this  fact.  It  has  been  shown, 
however,  by  Kreis  and  Hafner  that  the  difference  is  due 
to  the  characteristic  flat  crystals  of  lard  consisting  of  a 
definite  mixed  glyceride,  whereas  the  crystals  from  beef 
and  mutton  fat  consist  of  another  mixed  glyceride, 
palmito-distearin. 

According  to  Dunlop,  it  is  possible,  by  continued 
re- crystallisation  of  beef -fat  crystals,  to  obtain  eventually 
a  deposit  containing  crystals  which  are  practically  indis- 
tinguishable from  those  given  by  an  ordinary  lard. 

From  all  this  it  will  be  seen  that  there  is  considerable 
risk  of  making  a  mistake,  if  judgment  of  the  purity  of 
lard  be  based  solely  upon  the  form  of  the  crystals,  as 
has  sometimes  been  done.  Tlie  fact  that  the  cryst-als 
are  chisel-shaped  may  be  regarded  as  presumptive  evidence 
of  the  purity  of  a  lard,  but  the  occurrence  of  bunches  of 
needle-shaped  crystals  does  not  necessarily  indicate  an 
addition  of  beef  fat. 

Polenske's  Method. — It  was  found  by  Polenske  that  the 
difference  between  the  melting  and  solidification  points 
("  the  difference  value  ")  was  fairly  constant  for  a  par- 
ticular lard,  but  oft^^n  differed  considerably  from  the  values 
shown  by  other  fats.  For  example,  lard  gave  difference 
values  of  19  to  21  (in  degrees  Centigrade),  whereas  beef 
fat  showed  values  of  12-8  to  14-7,  and  butter  fat  values 
of  11-7  to  14-3. 

Experiments  made  by  Bomer  and  Limprich  (Zeit.  Nahr. 
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Genussm.y  1913,  xxv.  367)  have  shown  that  these  "  differ- 
ence values "  depend  upon  the  presence  of  different 
glycerides  in  the  fats.  Lard  contains  a  mixed  glyceride 
— which  from  its  assumed  molecular  structure  is  termed 
a-palmito-distearin.  An  isomeric  glyceride  is  also  present 
in  beef  and  mutton  fats,  and  this  from  its  structure  is 
termed  /5-palmito-distearin.  The  former  has  a  difference 
value  of  18-4,  whilst  the  glyceride  of  beef  and  mutton 
fats  has  a  value  of  11'8.  In  Bomer's  experience  the 
method  may  be  made  capable  of  detecting  about  20  jjer 
cent,  of  beef  fat  and  15  per  cent,  of  mutton  fat  in 
lard. 

Bdmer's  Method. — An  analogous  melting-point  method 
has  been  based  by  Bomer  (Zeit.  Untersuch.  Nahr.  Genussm., 
1913,  xxvi.  559 ;  1914,  xxvii.  153)  upon  the  fact  that  the 
distinctive  glyceride  of  lard  has  a  melting-point  which 
differs  by  5-2°  C.  from  the  melting-point  of  its  separated 
fatty  acids,  whereas  in  the  case  of  the  corresponding 
glyceride  of  beef  and  mutton  fats  the  difference  is  only 
01°  C. 

This  method  appears  to  be  capable  of  detecting  about 
5  per  cent,  of  beef  or  mutton  fat  in  lard. 

Influence  of  Food. — A  point  of  considerable  importance 
to  the  manufacturer  of  lard  is  that  the  food  given  to 
the  animal  may  have  a  pronounced  influence  upon  the 
composition  and  chemical  reactions  of  the  lard. 

The  fat  of  the  wild  boar  differs  from  that  of  the 
domestic  hog  in  being  of  a  much  more  fluid  nature. 
There  is  also  some  difference  between  the  fat  of  wild  and 
domestic  hogs,  the  former  containing  a  greater  amount 
of  unsaturated  glycerides. 

The  more  fluid  character  of  American  lards  as  com- 
pared with  European  products  is  to  be  attributed,  in 
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part  at  all  events,  to  the  animals  being  fed  upon  cotton- 
seed cake. 

It  has  been  shown  by  Diinlop,  however  (./.  Soc.  Chem. 
Ind.y  I90t),  XXV.  459),  that  hogs  fed  uiK)n  cotton-fleed 
cake  give  lard  yielding  pronounced  colour  reactions  for 
cotton-seed  oil,  but  not,  judging  by  the  iodine  value, 
containing  an  abnormal  amount  of  fluid  fatty  acids. 

Animals  fed  upon  coconut-oil  cake  (copra)  also  show 
the  influence  of  the  food  in  their  lard,  which,  without 
special  knowledge  of  this  fact,  would  certainly  be  con- 
demned as  having  been  adulterated  with  that  vegetable 
fat. 

This  is  shown  in  the  following  analytical  values  of  lards 
from  Philippine  hogs  to  which  a  daily  supply  of  coconut- 
oil  cake  had  been  given  (Gibbs  and  Agcaoili,  Philippine 
J.  Science,  1910,  v.  33)  :— 


Lard. 

Relracto- 
meter 
reading 

at40"C. 

460 
42-6 
44-7 

470 
440 
46-3 

Saponi- 
fication 
Value. 

Iodine 
Value. 

Iodine 

Value 

of  Fatty 

Melting. 

point 
of  FaUy 
Ackb,-6. 

43-8 
41-6 
42-7 

42-3 
39-4 
40-4 

From  maize- fed  hogs  : — 
Maximum  . 
Minimum  .. 
Mean 

From  copra- fed  hogs  : — 
Maximum  . 
Minimum   . 
1      Mean 

1 

1990 
I960 
196-9 

213-7 
204-6 
208-9 

62-7 
46-7 
49-4 

42-6 
32-6 
37-7 

63-8 
50-0 
61-7 

46-2 
36-2 
41-3 

Lard  derived  from  pigs  which  have  been  fed  with 
abnormal  quantities  of  coconut,  maize,  sesam6,  and 
cotton-seed  cakes  will  contain  a  smaller  amount  of  the 
distinctive  lard  glyceride,  a-palmito-distearin,  than  ordi- 
nary lard,  but  the  variation  thus  caused  is  not  sufficient 
to  interfere  with  the  detection  of  beef  fat  by  Bom<?r'8 
method  {supra). 
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The  phytosterol  contained  in  vegetable  fats  does  not 
pass  into  the  lard  of  pigs  fed  upon  cotton-seed  meal, 
and  the  phytosteryl  acetate  test  for  vegetable  oils  is, 
therefore,  not  affected  by  the  food  given  to  the  animals. 

Acidity  of  Lard. — In  order  to  obtain  a  practically 
neutral  product,  the  fat  intended  for  lard  should  be 
rendered  as  soon  as  possible  after  the  animal  has  been 
killed.  After  standing  for  some  time,  the  fat  in  the 
adispose  tissue  gradually  undergoes  decomposition,  with 
the  liberation  of  free  fatty  acids,  and  the  acidity  steadily 
rises.  In  refined  lard  the  process  of  hydrolysis  is  greatly 
checked  through  the  removal  of  nitrogenous  substances, 
but  the  development  of  acidity  will  continue  when  the 
fat  is  exposed  to  the  influence  of  light  and  air. 

As  a  rule,  a  freshly  prepared  lard  does  not  contain 
more  than  0*5  per  cent,  of  free  fatty  acids  (as  oleic  acid), 
and  frequently  the  proportion  is  very  much  lower.  Thus 
the  acidity  of  fats  from  the  leaf  and  kidneys  of  six 
Phihppine  hogs  examined  by  Gibbs  and  Agcaoili  {loc.  cit.) 
ranged  from  0-28  to  0-88  per  cent.  On  the  other  hand, 
the  intestinal  fat  contained  considerably  more  free  fatty 
acids  (0*86  per  cent.).  Samples  of  American  lards 
examined  by  Wiley  (loc.  cit.)  had  an  acidity  ranging 
from  0-35  to  1-0  per  cent.  An  acidity  in  excess  of  1  per 
cent,  probably  indicates  either  that  the  lard  was  not 
prepared  from  fresh  material  or  that  it  has  been  exposed 
to  the  air  for  some  time. 

Water. — Lard  should  not  contain  more  than  a  small 
proportion  (0'75  per  cent,  at  most)  of  water,  and  as  a 
rule  most  commercial  samples  contain  considerably  less 
than  0'5  per  cent. 

Polenske  (Arb.  a.  d.  Kaiser.  Oesundheitsamte,  1907,  xxv. 
505)  found  that  there  was  a  relationship  between  the 
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temperature  at  which  the  melted  fat  became  turbid  on 
cooling  and  the  proportion  of  water  present,  and  on  this 
fact  based  a  rapid  method  of  estimating  the  moisture. 
Thus  the  following  figures  were  obtained  by  Fischer 
and  Schellens  {Zeit.  Unters.  Nahr.  Genussm.,  1908,  xvi. 
161) :— 


Water  per  cent. 
Turbidity  Tempera- 
ture °C.      . 

0-46 
95-2 

0-40 
90-8 

0-36 
850 

0-30 
76-8 

0-26 
64-6 

0-20 
53-2 

015 
41-2 

In  their  opinion,  based  upon  the  examination  of  a  large 
number  of  German  lards,  the  proportion  of  water  should 
be  less  than  0-3  per  cent.,  corresponding  to  a  turbidity 
temperature  not  exceeding  75°  C. 

Gross  adulteration  of  lard  with  water  is  no  longer  a 
common  practice. 

The  Iodine  Value. — Important  information  as  to  the 
purity  of  lard  is  sometimes  afforded  by  a  determination 
of  the  percentage  of  iodine  with  which  it  will  combine. 

As  a  rule,  European  lards  have  iodine  values  not 
exceeding  61,  and  an  iodine  value  considerably  in  excess 
of  that  figure,  say  66,  suggests  the  addition  of  cotton-seed 
oil  or  of  other  vegetable  oils  with  high  iodine  values. 

From  what  has  been  stated  above,  however,  it  wiU  be 
seen  that  an  abnormal  iodine  value  is  not  in  itself  sufficient 
proof  of  adulteration,  since  American  lards  of  genuine 
character  may  show  that  characteristic. 

The  differences  in  this  respect  between  American  and 
German  lards  are  attributed  by  Voigtlander  {he.  cit.)  to 
the  fact  that  American  lards  contain  a  large  proportion 
of  lard  oil  of  a  more  unsaturated  character.  Thus,  while 
German  lard  contains  only  about  50  per  cent,  of  lard 
oil   with  an  iodine  value  of  70-75,  American   lard   may 
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contain  about  60  per  cent,  of  lard  oil  with  an  iodine 
value  of  88. 

Some  of  the  semi-fluid  Russian  lards  sold  in  Germany 
contain  as  much  as  90  per  cent,  of  lard  oil. 

Of  100  samples  of  American  lard  imported  into  Ger- 
many, 88-5  per  cent,  had  an  iodine  value  between  61 
and  66,  and  41  per  cent,  a  value  exceeding  64. 

The  fixing  of  a  standard  for  the  iodine  value  of  lard  is 
unlikely  to  result  in  the  sale  of  a  purer  product,  judging 
by  the  experience  of  places  where  such  a  standard  has 
been  fixed.  Thus  at  one  time  62  was  fixed  as  the  limit 
for  the  iodine  value  in  Bavaria,  and  the  result  was  a 
widespread  addition  of  beef  stearine  to  make  the  lards 
answer  to  this  requirement. 

Lard  Oil. — The  fluid  portion  expressed  from  lard  in 
the  separation  of  lard  stearine  is  known  as  lard  oil. 

It  has  a  soft,  pleasant  taste,  and,  being  almost  free 
from  odour,  forms  a  good  edible  oil. 

It  consists  in  the  main  of  olein,  with  a  little  linoUn 
and  a  small  proportion  of  glycerides  of  solid  fatty  acids, 
chiefly  palmitic  acid.  A  typical  sample  will  have  values 
similar  to  the  following  : — 


Sp.  gr.  at 
16.5»  C. 

Saponification 
Value. 

Hclincr            Iodine 
Vuluc.              Value. 

Solidification 
point. 

Melting-poiut  of 
Fatty  Acid*. 

0-914 

[ 

194 

97               76 

-  4-'  C.  to 
+  10»C. 

SS'^C. 

It  is  thus  evident  that  a  large  amount  of  lard  oil  can 
be  added  to  olive  oil  without  making  the  values  of  the 
mixture  abnormal. 

It  also  gives  a  similar  product  in  the  elaidin  test,  and 
the  phytosterol  test  (p.  132)  is  probably  the  best  means 
of  detecting  it. 
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In  turn  it  is  liable  to  be  adulterated  with  cheaper 
vegetable  oils,  such  as  arachis,  cotton-seed,  and  sesame 
oils,  the  presence  of  each  of  which  would  be  shown  by 
their  special  tests.  The  oleo-refractometer  is  also  a  means 
of  determining  the  purity,  since  the  ordinary  reading  of 
lard  oil,  which  ranges  from  about  —  1°  to  —  5°,  would 
be  increased  by  most  of  the  oils  employed  as  adulterants 
(with  the  exception  of  other  animal  oils  and  arachis  oil). 


CHAPTER  VII 

MARGARINE  AND  OTHER  BUTTER 
SUBSTITUTES 

Margarine,  Oleomargarine,  or  Artificial  Butter — Invention  and  Develop- 
ment— Modem  Processes  and  Formulae — Machinery — Use  of 
Hydrogenated  Oils — Vegetable  Butter. 

It  has  already  been  pointed  out  in  Chapter  I  how 
essential  is  a  fair  proportion  of  fat  in  the  human  diet, 
and,  prior  to  the  introduction  of  artificial  butter,  this 
could  only  be  largely  made  up  among  the  poorer  classes 
of  the  community  by  the  use  of  "  dripping,"  the  price 
of  genuine  butter  being  prohibitive.  Realising  the  im- 
portance of  the  subject,  the  French  Government  in  1869 
offered  a  prize  for  the  discovery  of  an  artificial  substitute 
for  butter,  which  should  not  only  be  cheaper,  but  also 
remain  free  from  rancidity  for  a  longer  period  than 
butter.  This  led  Mege-Mouries,  a  French  chemist,  to 
investigate  the  whole  question  of  the  formation  of  fat 
in  milky  and  he  was  successfid  in  securing  the  prize. 
Physiological  experiments  soon  led  him  to  the  conclusion 
that  in  the  series  of  transformations  by  which  the  butter 
fat  is  produced  in  the  animal  economy,  the  carbohydrate 
matter  consumed  by  the  animal  is  first  converted  into 
fat,  and  this  in  turn,  after  being  deprived  of  much  of 
the  stearin  it  contains,  by  respiratory  combustion,  is 
changed  by  the  digestive  action  of  pepsin  into  butter 
fat,  and  a  method  was  devised  for  effecting  this  latter 

process  artificially. 
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Tlie  original  plan  adopted  by  Mege-Mouries  was  to 
take  1000  kilos,  of  fresh  beef  fat,  preferably  from  the 
kidney  or  intestines,  and  after  thoroughly  comminuting 
it  and  freeing  it  from  tissue,  to  warm  it  at  45°  C.  with 
300  kilos,  of  water,  1  kilo,  of  sodium  carbonate,  and  two 
sheep's  or  pigs'  stomachs  for  two  hours,  when,  under  the 
action  of  the  pepsin,  the  'fat  separated  completely  from 
any  remaining  tissue,  and  came  to  the  surface  as  a 
homogeneous  fluid.  This  was  then  decanted  into  a 
second  vessel,  warmed  to  45°  C,  and  washed  with  a 
2  per  cent,  solution  of  common  salt,  which  prevented 
any  fermentation.  After  allowing  it  to  stand,  a  limpid 
yellow  fat  separated,  having  a  butter -like  odour,  and  on 
cooling  to  20-25°  C.  this  crystallised  to  a  semi-solid 
mass,  with  a  granular  structure  which,  when  the  fat  was 
cut  in  thicknesses  of  half  an  inch,  wrapped  in  linen 
cloths,  and  subjected  to  a  moderate  hydraulic  pressure 
between  hot  plates,  at  a  temperature  of  25°  C,  allowed 
50  to  60  per  cent,  of  a  soft  fat,  comparatively  free  from 
stearine,  to  be  expressed. 

This  fluid  fat,  or  "  oleomargarine,"  as  it  was  called, 
solidified  on  cooling,  and  constituted  what  was  originally 
sold  in  Paris  under  the  name  of  "  Margarine." 

This  soft  fat  was  next  converted  by  Mege-Mouries  into 
a  product  more  closely  resembling  natural  butter  by 
churning  it  for  two  hours  with  10  per  cent,  of  cow's 
milk,  and  water  in  which  was  macerated  0-4  per  cent, 
of  cow's  udder,  complete  emulsification  being  effected  by 
the  action  of  the  pepsin  and  the  churning.  After  wash- 
ing with  cold  water,  salting,  colouring  with  annatto,  and 
finishing  off  as  with  ordinary  butter,  a  very  good  imitation 
of  the  natural  article  was  obtained. 

According  to  Boudet,  artificial  butter  thus  prepared 
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has  a  melting-point  of  17  to  20°  C,  contains  about  12*5 
per  cent,  of  water,  and,  in  the  dry  state,  1*20  per  cent, 
of  insoluble  casein,  and  is  less  liable  to  become  rancid 
than  natural  tallow. 

Factories  were  soon  erected  at  Poissy  and  at  Liesing, 
near  Vienna,  to  work  the  process,  which  was  patented 
by  Hippolyte  Mege,  in  England,  in  1873.  The  English 
patent  claimed  a  process  for  preparing  artificial  butter 
by  mixing  the  oleomargarine  with  water  containing 
sodium  bicarbonate,  casein,  and  mammary  tissue.  The 
sale  of  artificial  butter  was  authorised  by  the  Council  of 
Hygiene  of  Paris  in  1872,  the  use  of  the  name  "  butter  ** 
to  describe  it  being  prohibited. 

The  name  "  margarine  "  was  first  applied  by  Chevreul 
to  what  was  at  that  time  considered  to  be  a  definite 
single  compound  of  margaric  acid  with  glycerin,  and 
to  occur  in  human  fat  and  olive  oil.  Subsequent  research 
by  Heinz  has  shown,  however,  that  this  so-called  margaric 
acid  was  in  reality  a  mixture  of  stearic  and  palmitic 
acids,  and  the  term  "  margarine,"  therefore,  did  not 
represent  a  definite  chemical  body.  The  name  "  oleo- 
margarine "  was  introduced  to  signify  what  was  believed 
to  be  a  mixture  of  olein  and  margarine  from  which  the 
stearin  had  been  separated.  Part  of  the  "  margarine  " 
is  now  known  to  consist  of  stearin  and  palmdtin,  so  that 
the  oleomargarine  still  contains  these  two  glycerides, 
though  to  a  much  smaller  extent  than  in  the  original 
beef  or  mutton  fat.  The  softer  fat,  from  which  the 
stearine  has  been  removed,  is  known  in  America  as  **  oleo 
oil,"  the  artificial  butter  made  therefrom  being  termed 
**  oleomargarine."  In  this  country  it  was  decreed  by 
the  Margarine  Act  of  1887  that  all  artificial  butter  should 
be  sold  under  the  name  of  *'  margarine,"  and  this  has 
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long  since  become  a  well-established,  popular  name,  such 
terms  as  ''  butterine,"  and  "  Dutch  butter,"  which  had 
gradually  come  into  use,  being  declared  illegal  by  this  Act. 

The  successful  working  of  the  Mege-Mouries  process 
soon  led  a  number  of  other  investigators  to  take  up  the 
subject  of  the  production  of  artificial  butter,  and  the 
next  few  years  were  prolific  in  patents  for  the  purpose. 

Among  many  others,  Lake,  in  1871,  patented  the  ad- 
mixture of  cotton-seed  oil ;  E.  G.  Brewer,  in  1874,  the 
churning  of  treated  tallow  with  3  to  4  per  cent,  of  sour 
milk  and  2  per  cent,  of  oil ;  and  Pitt,  in  1877,  the  addition 
of  arachis  oil ;  Mege  Mouries  the  same  year  obtaining  a 
further  patent  for  the  use  of  an  artificial  gastric  juice, 
consisting  of  hydrochloric  acid  and  acid  calcium  phosphate, 
to  help  in  the  artificial  digestion  of  the  fat. 

In  spite  of  these  improvements,  the  method  of  margarine 
manufacture  does  not  appear  to  have  undergone  much 
change  prior  to  the  discovery  of  the  methods  of  hydi'O- 
genating  oils ;  and  the  original  type  of  margarine  is  to-day 
in  most  respects  closely  similar  to  that  originally  proposed 
by  Mege  Mouries,  with  the  exception  that  the  artificial 
digestion  of  the  fat  is  now  dispensed  with,  and  a  certain 
proportion  of  vegetable  oils  is  generally  added. 

In  this  country  the  oleomargarine,  or  basis  of  artificial 
butter,  consists  usually  of  the  softer  portion  of  tallow  or 
"  premier  jus,"  but  in  America  a  very  large  part  of  this, 
which  after  further  treatment  is  there  kno'«Ti  as  "  oleo 
oil,"  is  replaced  by  "  neutral  lard  "  obtained  from  the 
perfectly  fresh  leaf,  or  kidney  and  bowel,  fat  of  the  pig. 
The  preparation  of  the  "  neutral  lard  "  is  almost  identical 
with  that  adopted  for  tallow,  and  as  the  latter  is  largely 
employed  in  this  country,  the  modern  preparation  of 
margarine  with  this  as  a  basis  will  now  be  described. 
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Modern  Processes. — The  carefully  selected  caul  fat  of 
freshly  killed  oxen  is  first  washed  in  a  vat  with  warm 
water  to  remove  blood  and  tissue,  then  hardened  by 
chilling  with  ice  water,  and  thoroughly  comminuted  by 
passage  through  rollers  or  cutting  machines.  It  is  next 
transferred  to  tin-lined  and  steam -jacketed  vessels,  in 
which  it  is  raised  to  a  temperature  of  about  40  to  45°  C, 
when  the  softer  portions  of  the  tallow  melt  and  rise  to 
the  surface,  the  separation  being  facilitated  by  sprinkling 
salt  over  the  surface. 

This  clear  oil,  which  is  known  as  "  premier  jus,"  is 
then  siphoned  off  into  a  second  series  of  steam-jacketed 
vessels,  in  which  it  is  heated  to  about  45°  C,  after  which 
more  salt  is  added,  and  a  further  settling  takes  place. 
The  clear,  supernatant  oil  is  next  transferred  to  shallow 
wooden  vats,  in  which  it  is  allowed  to  stand  for  three 
to  five  days  at  a  temperature  not  exceeding  20°  C,  in 
order  to  crystallise  out  the  stearine,  after  which  it  is 
thoroughly  mixed,  wrapjDed  in  canvas  cloths,  and  sub- 
jected to  pressure,  whereby  the  soft  "  oleo  oil,"  or  oleo- 
margarine, is  separated  from  the  harder  stearine  or 
oleo -stearine,  which  is  used  in  the  manufacture  of  lard 
substitutes,  or  sometimes  in  margarine  in  place  of  part 
of  the  oleomargarine,  when  a  large  quantity  of  vegetable 
oils  has  been  employed. 

The  oleo  oil  is  then  removed  to  churns,  in  which  it 
is  mixed  with  *'  neutral  lard,"  cotton-seed  oil,  olive  oil, 
sesame  oil,  maize  oil,  or  other  vegetable  oil,  and  milk 
(fresh  or  sour)  or  cream,  or  sometimes  water,  a  certain 
proportion  of  butter  being  frequently  added  to  impart  a 
better  flavour  to  the  margarine. 

Emulsifying  Machinery. — Several  types  of  machines 
are  in  use  for  effecting  an  intimate  admixture  of  the  fat 
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and  milk,  etc.  One  of  these,  which  is  known  as  the 
margarine  churn,  is  a  cylindrical  vessel  which  contains 
rotating  agitators,  and  inlets  for  the  introduction  of  water 
or  steam.  After  the  milk  has  been  heated  to  about  25° 
to  35°  C,  the  melted  fat,  or  mixture  of  fats,  is  gradually 
admitted,  and  the  agitation  continued  until  an  emulsion 
is  produced.  The  mixture  is  now  cooled  by  the  admission 
of  cold  water  until  it  nearly  solidifies,  and  is  then  run 
out  to  be  cooled. 

Schroeder's  Emnlsifier,  which  was  patented  in  1906 
(Eng.  Pat.  25,404),  is  an  improvement  on  the  old  mar- 
garine churn.  The  emulsifying  vessel  is  much  smaller, 
and  has  two  agitators  which  beat  the  mixture  into  a 
fine  emulsion,  while  revolving  at  a  high  speed.  After 
being  discharged  from  this  vessel,  the  emulsion  is  sub- 
divided into  a  still  finer  cream  in  another  apparatus,  and 
is  then  passed  thi'ough  the  cooling  apparatus ;  or  in 
some  cases,  .where  a  battery  of  such  churns  is  used,  the 
mixture  is  run  directly  into  tubs  without  previous 
cooling. 

Silkeborg's  Emnlsifier. — A  different  type  of  emulsifier 
was  patented  in  1914  by  Silkeborg  (Eng.  Pat.  4659).  It 
is  in  the  form  of  a  hollow  cylinder  with  a  central  shaft 
carrying  the  agitators,  and  is  provided  with  a  heating 
jacket.  The  mixture  of  fat  and  milk  is  driven  by  the 
rotating  blades  against  perforated  baffle  plates,  the  holes 
in  which  effect  the  fine  subdivision  of  the  emulsion. 

Blichfeldt's  Emulsifier  (Eng.  Pat.  18,048,  1914)  contains 
a  perforated  disc  which  rotates  on  a  shaft  near  the  side 
of  the  vessel.  The  milk  is  introduced  through  openings 
in  the  hollow  shaft,  while  the  melted  fat  is  admitted 
through  a  separate  pipe. 

Cooling  Machinery. — In  order  to  effect  rapid  cooling 
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of  the  emulsified  mixture,  either  the  so-called  wet  or  dry 
method  may  be  used.  In  the  former  method  either  ice- 
water  or  water  chilled  by  a  refrigerator  is  used  as  the 
cooling  agent.  For  example,  in  one  form  of  apparatus 
a  thin  film  of  the  emulsion  is  delivered  on  to  a  sloping 
trough,  where  it  meets  a  current  of  cold  water,  and  falls 
in  a  solidified  mass  into  a  receiver. 

In  another  type  of  apparatus  the  emulsion  is  dis- 
charged in  a  fine  stream  on  to  a  drum  which  revolves 
in  cold  water,  and  the  solidified  mass  removed  from  the 
surface  by  means  of  a  scraper  and  delivered  on  to  a 
travelling  band.  In  some  factories  skim- milk  or  butter- 
milk is  used  as  the  cooling  agent. 

Fats,  such  as  coconut  oil  and  palm-kernel  oil,  are 
liable  to  become  crystalline  when  cooled  by  this  wet 
method,  and  in  such  cases  chilled  air  is  sometimes  used 
as  the  cooling  agent,  as,  for  example,  in  the  process 
claimed  in  Eng.  Pat.  20,292,  1911). 

In  Christensen  and  Laurid^sen's  cooling  machine  (Eng. 
Pat.  20,568,  1912)  the  cooling  is  effected  by  means  of  a 
current  of  chilled  brine,  which  circulates  through  the 
interior  of  a  cylinder.  Tlie  solidified  emulsion  is  then 
removed  from  the  exterior  surface  of  the  rotating  cylinder 
by  means  of  a  fixed  scraper. 

A  similar  principle  is  used  in  Jurgen's  machine  (Eng. 
Pat.  100,863,  1914),  in  which  a  cylinder,  through  wliich 
circulates  water  at  the  same  temperature  as  the  emulsion, 
revolves  partly  in  the  mixture,  and  at  each  revolution 
transfers  a  certain  quantity  of  the  material  to  the  cooling 
cylinder.  After  being  cooled  the  so-caUed  "  crystals  " 
are  delivered  to  a  special  vessel,  in  which  they  are  left 
for  some  hours  to  promote  the  action  of  the  bacteria 
introduced  with  the  milk.     Finally  they  are  mechanically 


MARGARINE   AND   BUTTER  SUBSTITUTES    99 


kneaded  to  give  the  mass  the  consistence  of  butter  and 
remove  the  excess  of  water. 

The  following  analyses,  given  by  Clayton  (J.  Soc.  Chem. 
Ind.,  1917,  XXX vi.  1208),  show  the  composition  of  the 
crys  als  from  two  churnings  of  100  gallons  of  «oured 
milk,  with  one  ton  of  oils  containing  animal  f-at,  before 
and  after  being  rolled  : — 


Fat,  por  cont. 

Water,  per  cent. 

1. 

2. 

1. 

J. 

Crystals          ^         .          .          . 
Rolled  product 

67-30 

78-38 

67-30 
80-23 

27-46 
16-03 

27-47 
12-47 

On  the  average  the  crystals  contain  about  33  per  cent, 
of  water,  and  the  rolled  product  14-5  per  cent.,  the 
statutory  limit  for  margarine  being  16  per  cent.  Addi- 
tions of  salt,  colouring  matter,  preservatives,  etc.,  are 
made  by  means  of  "  blenders,"  which  are  mixing  machines 
provided  with  curved  revolving  blades.  The  addition  of 
butter  in  an  amount  not  exceeding  10  per  cent,  is  per- 
missible as  a  flavouring  agent,  and  boric  acid  (up  to 
0-5  per  cent.)  is  often  used  as  a  preservative. 

Older  Formulse.^ — The  number  of  materials  available 
renders  a  very  large  variety  of  combinations  possible, 
and,  naturally,  successful  formulae  used  by  private  firms 
are  kept  secret.  The  following  formula)  were  published, 
however,  by  the  United  States  Census  Report  for  1900  : — ■ 

Cheap  Grade. 

Oleo  oil      .......  .  495  parts 

Neutral  lard 265 

Cotton-seed  oil  .  .  .         .  315 

Milk 255 

Salt 120 

Colouring  matter IJ 

which  is  sufficient  to  produce  1265  to  1300  parts. 
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Medium  High  Grade. 

Oleooil 315  parts 

Neutral  lard 500 

Cotton-seed  oil 280 

Milk 280 

Salt 120 

Colouring  matter         .          .                    .          .          .  1^ 

producing  1050  to  1080  parts. 


High  Gkade. 


Oleo  oil 
Neutral  lard 
Butter 
Salt  .  . 

Colouring  matter 

producing  about  325  parts. 


100   par 
130 

95 

32 


Such  a  formula  as  this  would  not  be  permissible  in 
this  country,  where  the  maximum  addition  of  butter  to 
margarine  is  fixed  by  law  at  10  per  cent.,  and  the  neutral 
lard  is  more  usually  replaced  over  here  by  oleomargarine 
or  "  oleo  oil,"  a  suitable  formula  being  as  follows  :- 

Oleomargarine    .......  230  parts 

Cotton-seed  oil  .  .  .  .  .  .  .       40      ,, 

Olive  oil 20      „ 

Butter 30      ., 

Salt 32      „ 

Colouring  matter  i     ». 

The  proportion  of  cotton-seed  oil  should  not,  si)eaking 
generally,  exceed  more  than  about  25  per  cent.,  or  its 
characteristic  flavour  becomes  apparent.  Besides  cotton- 
seed and  olive  oils,  arachis,  palm- kernel,  and  coconut  oils 
now  enter  frequently  into  the  composition  of  margarine, 
and  in  Germany  the  use  of  sesame  oil  to  the  extent  of 
10  per  cent,  has  been  compulsory  since  1897.  Palm  oil, 
which  imparts  a  yellow  tint  to  the  margarine,  is  also 
occasionally  incorporated.  This  being  a  firm  fat  enables 
the  proportion  of  animal  fat  to  be  reduced. 

The  colouring  matter  usually  employed  is  annatto,  but 
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turmeric  and  saflfron  are  also  occasionally  used.  The  use 
of  mineral  colours  is  most  objectionable,  and  coal-tar 
colouring  matters  are  to  he  discouraged,  though  azo  dyes 
are  occasionally  met  with. 

Glycerin  is  sometimes  added  to  margarine  to  impart 
a  glossy  appearance,  and  sugar  or  glucose  to  sweeten  it 
or  improve  its  texture,  though  this  is  said  to  injure  its 
keeping  qualities. 

Hydrogenated  Oils  in  Margarine.—  The  solution  of  the 
problem  of  converting  liquid  oils  into  solid  fats  by 
hydrogenation  has  led  to  great  changes  in  the  manu- 
facture of  margarine.  Instead  of  having  to  use  a  mixture 
of  oils  and  fats  in  the  suitable  proportion  to  give  a 
product  of  the  required  consistency,  the  manufacturer 
can  now  make  use  of  a  mixture  of  soft  fats  and  oils,  or 
even  of  a  single  oil,  which  he  hardens  to  the  desired 
extent.  A  further  advantage  is  that  deodorisation  of 
the  fat  is  simultaneously  effected  in  the  process. 

In  some  cases  oils  which  have  thus  been  hardened  are 
mixed  with  natural  oils  and  fats,  but  in  the  opinion  of 
Ellis  (J.  Soc.  Chem.  Ind.,  1912,  xxxi.  1165)  it  is  prefer- 
able to  use  only  one  oil,  which  is  hydrogenated  into  a 
solid  fat. 

In  certain  continental  factories  fish  and  whale  oils, 
deodorised  and  hardened  by  hydrogenation,  are  used  for 
margarine,  but  Klimont  and  Mayer  (Zeit.  angetv.  Chem.y 
1914,  xxvii.  645)  have  found  that  although  otherwise 
suitable  for  this  purpose,  the  original  odour  of  such  oils 
is  liable  to  reappear  after  some  time.  They  have 
based  a  test  for  hydiogenated  fish  oils  upon  the  amount 
of  crystals  formed  when  the  fat  is  dissolved  in  acetone., 
and  allowed  to  stand. 

Many  methods  have  been  devised  for  causing  margarine 
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to  froth  and  become  brown  when  heated,  as  does  genuine 
butter.  The  addition  of  a  fair  proportion  of  butter  will, 
of  course,  secure  this,  but  in  the  absence  of  butter  it  may 
be  accomplished  by  adding  a  sufficient  quantity  of  milk. 
The  introduction  of  casein,  lecithin,  or  cholesterol  has 
been  suggested  for  the  purpose,  and  Fendler  has  patented 
the  use  of  0-5  per  cent,  of  egg  yolk,  whilst  subsequent 
patentees  have  claimed  the  preliminary  emulsification  of 
the  egg  yolk  with  salt  solution,  lactic  acid,  etc.  Mitscher- 
lich  patented  the  addition  of  meat  extract  or  yeast,  for 
the  same  purpose. 

Though  not  really  necessary  in  a  proi)erly  made 
margarine,  various  artificial  flavourings  are  occasionally 
added,  ostensibly  to  render  the  flavour  more  similar  to 
that  of  genuine  butter,  but  more  probably,  in  many 
cases,  to  enable  a  proportion  of  the  margarine  to  be 
used  in  the  adulteration  of  butter  without  detection  by 
the  usual  chemical  methods.  Such  flavouring  materials 
include  butyric  acid  or  other  volatile  fatty  acids,  and 
certain  buty rates,  these  being  dissolved  in  glycerin  or 
oil,  and  added  in  this  way  to  the  margarine.  Coumarine 
is  also  said  to  be  used,  and  Snelling  has  patented  the 
addition  of  banana  fruit  or  banana  essence. 

Vegetable  Butter. — During  the  last  few  years  a  number 
of  products  have  appeared  on  the  market  under  the  names 
of  ''  Vegetable  Butter  "  or  "  Nut  Butter."  These  consist 
chiefly  of  carefully  refined  and  deodorised  coconut  oil 
and  palm-kernel  oil,  materials  which  have  more  recently 
been  supplemented  by  the  addition  of  margosa  oil,  shea 
butter,  and  mowrah-seed  oil.  Any  suitable  mixture  of 
these  or  similar  fats  may  be  churned  with  milk,  coloured, 
and  salted,  and  finished  off  like  genuine  butter. 


CHAPTER  VIII 
SALAD  OILS 

Salad   Oils — Oils   used   for   Culinary   and   Confectionery   Purposes- 
Chocolate  Fats. 

Olive  Oil. — No  oil  is  so  extensively  used  in  the  prepara- 
tion of  salad  dressings  as  olive  oil,  and  the  more  closely 
its  characteristics  can  be  imitated  by  other  salad  oils 
the  greater  is  the  demand  for  the  latter. 

There  are  several  species  of  the  olive  tree,  some  of 
which  are  successfully  cultivated  in  hot  climates,  but 
the  oil  used  in  Europe  is  mainly  derived  from  different 
varieties  of  Olea  Europcea.  The  fruit  produced  by  these 
varies  considerably  in  size  and  in  colom*,*  but  the  oils 
which  they  yield  show  a  close  similarity  in  chemical  and 
physical  characteristics,  though  they  differ  from  one 
another  in  flavour  and  in  colour. 

Apart  from  the  influence  of  soil  and  climate  and  of 
the  variety  of  the  olive  tree,  the  flavour  of  the  oil  also 
depends  upon  the  stage  of  growth  at  which  the  fruit  is 
gathered,  and  upon  the  method  of  separating  the  oil 
fiom  the  pulp. 

Fruit  which  is  picked  before  it  is  quite  ripe  yields  an 
oil  with  a  somewhat  bitter  flavour,  and  therefore  in 
preparing  the  finest  grade  of  oil  the  olives  are  specially 
selected  and  pressed  by  hand  between  cloths.  The 
resulting  oil  is  washed  with  water  to  remove  impurities, 
then  decanted  from  the  aqueous  layer,  and  sold  under 
the  name  of  virgin  oil. 
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The  bulk  of  fine  commercial  olive  oil,  however,  is 
separated  by  expression,  the  ripe  olives  being  super- 
ficially crushed  between  mill-stones,  and  then  expressed 
at  a  low  pressure.  The  residue  left  in  the  press  is  broken 
up,  mixed  with  hot  water,  and  the  liquid,  consisting  of 
the  mixed  oil  and  water,  expelled  by  stronger  pressure, 
and  allowed  to  stand  for  the  oil  to  separate.  The  flavour 
and  colour  of  this  oil  is  inferior  to  that  of  the  cold-drawn 
product. 

Subsequent  grinding  of  this  second  residue,  followed 
by  another  expression  with  hot  water,  yields  an  ad- 
ditional quantity  of  oil,  whilst  the  amount  still  present 
is  often  extracted  by  means  of  carbon  bisulphide  or  other 
volatile  solvent.  The  oils  finally  obtained  are  generally 
utilised  as  lubricants,  or  in  the  manufacture  of  soap. 

In  most  districts  care  is  taken  not  to  crush  the  olive 
stones  until  after  the  finest  oil  has  been  expressed, 
although  according  to  Klein  (Zeit.  angew.  Chem.,  1898, 
847)  there  is  no  disadvantage  in  expressing  the  mixed 
kernel  and  fruit  oil,  provided  the  fruit  is  freshly  picked. 
The  general  opinion  of  the  trade,  however,  is  that  the 
flavour  of  the  pulp  oil  is  superior  to  that  derived  from 
the  mixed  pulp  and  kernels. 

Oils  which  have  been  extracted  by  means  of  carbon 
bisulphide  are  known  as  "  sulphoc^rbon  "  oils,  whilst 
those  which  have  been  separated  by  means  of  petroleum 
spirit  are  termed  "  pyrene  "  oils. 

The  oils  derived  from  olives  which  have  been  left  for 
some  time  before  expression  are  of  an  inferior  kind, 
and  are  termed  huiles  (Venfer,  huiles  tournantes,  etc. 
They  contain  a  large  amount  of  free  fatty  acids,  and 
have  a  sharp,  unplea.sant  flavour,  which  renders  them 
unsuitable  for  food. 
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The  finest  qualities  of  oil  are  derived  from  the  districts 
round  Lucca  and  Leghorn,  and  from  Provence.  Large 
quantities  of  excellent  oil  are  also  exported  from  Spain, 
Portugal,  Algiers,  and  Tunis,  whilst  California  has  now 
become  an  important  oil-producing  country. 

Tlie  flavour  is  the  chief  criterion  of  the  quality  of 
olive  oil,  and  a  trained  palate  is  able  to  detect  slight 
differences  which  could  not  be  recognised  by  any  chemical 
tests. 

The  so-called  virgin  oil  is  pale  yellowish -green  in 
colour,  and  has  but  little  odour,  whereas  the  lower  giades 
of  oil  obtained  from  the  marc  left  in  the  press,  as  de- 
scribed above,  vary  in  colour  from  greenish -yellow  to 
light  brown,  and  have  a  perceptible  odour  and  a  some- 
what bitter  flavour. 

Even  the  purest  olive  oil  will  yield  a  deposit  of 
"  stearine  "  when  exposed  to  a  low  temperature,  but  the 
amount  varies  wdth  the  kind  of  olive  which  yielded  the 
oil.  Thus  it  is  particularly  abundant  in  the  case  of 
Tunisian  and  Algerian  oils,  and  it  is  therefore  usual  to 
remove  a  portion  of  this  solid  fat  before  putting  the  oil 
upon  the  market,  under  the  name  of  "  demargarinated  " 
oil.  The  amount  of  "  stearine  "  thus  removed  depends 
upon  the  temperature  to  which  the  oil  is  chilled  before 
being  pressed  in  a  filter-press.  Oils  thus  treated  are 
sometimes  described  as  "  winter  oils  "  (see  Chapter  III). 

Olive  oil  consists  chiefly  of  olein,  with  smaller  quan- 
tities of  the  glycerides  of  linolic  acid  and  of  various 
solid  fatty  acids  (mainly  palmitic  acid)  which  form  the 
insoluble  deposit — the  so-called  "  stearine." 

It  belongs  to  the  class  of  non-drying  oils,  and  hence 
does  not  form  a  skin  on  its  sm'face  when  exposed  to  the 
air,  and  when  spread  in  a  thin  film  upon  glass  takes 
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many  days  to  dry  up.  In  this  respect  it  differs  from 
the  semi-drying  oils — cotton-seed,  sesame,  and  maize 
oils — which  are  frequently  sold  as  salad  oils,  sometimes 
under  descriptions  that  suggest  they  are  olive  oil. 

The  chief  analytical  characteristics  of  a  typical  olive 
oil  are  as  follows  : — 


Sp.Kr.              Sapo^mfi^^^ion 

Iodine  Valae. 

Hehner  Value. 

Melting-point  of 
Fatty  Acids. 

0-918                   191 

82 

95 

24°  C. 

Olive  oil  is  very  frequently  adulterated,  the  principal 
substances  used  for  the  purpose  being  cotton-seed, 
sesame,  maize,  tea-seed,  and  lard  oils.  The  vegetable 
oils  may  be  detected  by  their  general  analytical  values, 
and  the  two  first  by  the  characteristic  colour  reactions 
(see  Chapter  IX,  pp.  139  and  141),  whilst  lard  oil  may 
be  detected  by  the  cholesterol  test  (p.  131). 

During  the  war,  the  scarcity  of  olive  oil,  as,  indeed, 
of  all  vegetable  oils,  led  to  the  sale  of  large  quantities 
of  deodorised  paraffin  oil,  coloured  with  an  aniline  dye, 
sometimes  under  the  name  of  olive  oil,  but  more  fre- 
quently as  "  salad  oil."  Such  adulteration  may  be 
readily  detected  by  determining  the  saponification  value, 
paraffin  hydrocarbons  being  unsaponifiable.  At  the 
present  time  the  principal  adult-erant  of  olive  oil  is  tea- 
seed  oil,  which  is  very  similar  in  its  physical  and  chemical 
characters.  Tlie  only  method  of  detecting  it  yet  dis- 
covered is  by  means  of  a  colour  reaction  with  nitric  acid. 

Maize  Oil. — This  oil,  which  is  also  known  as  corn  oily 
is  obtained  from  the  germs  of  the  maize  or  Indian  corn 
{Zea  mais)t  and  is  used  to  a  limited  extent  as  an  edible  oil. 

It  resembles  cotton-seed  oil  in  its  composition,  and 
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contains   the  glycerides   of   oleic,   linolic,   and   palmitic 
acids,  together  with  an  appreciable  quantity  of  those  of 
volatile  fatty  acids,  as  is  indicated  by  its  relatively  high* 
Reichert-Meissl  value  (4  to  4-5). 

Like  cotton-seed  oil,  it  belongs  to  the  class  of  semi- 
drying  oils,  slowly  forming  a  dry  skin  when  exposed  to 
the  air  in  a  thin  film. 

The  following  values  are  typical  of  a  commercial  oil  : — 


Sp.  gr. 

Saponification 
Value. 

Iodine  Value; 

Hebner  Value. 

Melting-point  of 
Fatty  Acids. 

0-9246 

190 

122 

93-6 

17"  -  20**  C. 

The  presence  of  cotton-seed  oil,  which  is  sometimes 
used  to  adulterate  maize  oil,  would  be  shown  by  the 
characteristic  colour  reactions  (p.  141).  For  the  detec- 
tion of  maize  oil  in  lard  or  in  butter  reliance  would  have 
to  be  placed  upon  the  general  analytical  values  and  upon 
the  results  of  the  phytosteryl  acetate  test. 

In  the  elaidin  test  maize  oil  yields  a  yellow  butter -like 
mass  after  twenty -four  hours. 

Adulteration  with  mineral  or  resin  oil  may  be  detected 
by  estimating  the  amount  of  unsaponifiable  matter. 

Arachis  Oil. — The  chief  centre  of  the  arachis  oil  in- 
dustry is  the  South  of  France ;  and  at  Marseilles,  in  par- 
ticular, enormous  quantities  of  the  nuts  are  expressed. 

The  oil  obtained  by  the  first  expression  in  the  cold  is 
a  pale  yellow  fluid  which  is  extensively  used  as  a  salad 
oil.  A  large  proportion  of  the  oil  obtained  on  subse- 
quent expression  is  sold  as  a  lower  grade  of  salad  oil, 
whilst  the  remainder,  and  also  the  oil  obtained  by  hot 
pressure,  is  manufactured  into  soap.  The  total  yield  of 
oil  is  from  45  to  50  per  cent. 
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As  a  rule,  the  salad  oils  (which  are  sometimes  sold  as 
"  nut  salad  oil  ")  have  a  distinct  odour  and  flavour  of 
» the  nut,  but  in  the  very  finest  grades,  which  also  have 
but  little  colour,  this  flavour  is  hardly  noticeable  in  the 
case  of  the  freshly  prepared  product.  Arachis  oil  be- 
comes turbid  at  a  much  higher  temperature  and  throws 
down  a  more  abundant  deposit  of  "  stearin  "  than  olive 
oil,  and  this  has  greatly  interfered  with  its  popularity  as 
a  salad  oil  in  this  country.  The  solidification  point  is 
usually  about  +  2°  to  +  3°  C.  Chemically  it  consists  of 
the  glycerides  of  hypogaeic,  oleic,  linolic,  palmitic,  stearic, 
arachidic,  and  lignoceric  acids.  The  most  characteristic 
constituents  are  the  two  last  fatty  acids  (amounting  to 
about  5  per  cent.).  They  are  only  slightly  soluble  in 
cold  alcohol,  and  on  this  property  are  based  several 
methods  of  separating  them  and  of  calculating  from  the 
result  the  proportion  of  arachis  oil  in,  for  example,  an 
adulterated  olive  oil. 

The  physical  and  chemical  constants  of  arachis  oil 
vary  considerably,  as  is  shown  in  the  following  figures 
recorded  by  Sadtler  and  by  Crossley  and  Le  Sueur  for 
oils  of  different  origin  : — 


Oil. 

Sp.»n-. 
at  15*  c. 

0-917 
0-9176 
0-911 
0-9223 

Saponi- 
fication 
Value. 

Iodine 
Volue. 

Reichert- 
Mei»l 
Value. 

0-48 
1-60 

Nil. 

Free  Acid 

(as 

Oleic  Acid) 

per  cent. 

0-55 
0-79 
002 
1-45 

Melting- 
point  of 
Fatty 
Acids,  *C. 

Virginian 
Spanish 
African 
Indian. 

192-5 
190-7 
194  0 
1901 

91-7 
94-2 

85-0 
98-6 

29 
34 
30 

The  highest  figm'es  recorded  for  the  iodine  value  of 
arachis  oil  are  101-105  (Olivcri),  whereas  the  lowest 
values  fall  well  within  the  limits  of  those  of  olive  oil. 

Arachis  oil  is  sometimes  adulterated  with  cheaper  oils, 
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and  notably  with  8esam6  and  cotton-seed  oils.  The 
determination  of  the  analytical  values  and  the  char- 
acteristic colour  reactions  will  probably  afford  informa- 
tion in  such  cases,  while  at  the  same  time  there  would 
be  a  decrease  in  the  amount  of  arachidic  acid,  or,  rather, 
of  the  mixture  of  arachidic  and  lignoceric  acids,  which 
could  be  separated. 

The  methods  of  separating  and  determining  this  acid 
are  described  in  Chapter  IX,  p.  142. 

Sesam^  Oil. — This  oil  also  goes  by  the  name  of  teel  oil 
and  (jingelly  oil,  and  in  commerce  is  sometimes  described 
as  French  salad  oil. 

It  belongs  to  the  same  class  of  oils  (semi-drying)  as 
cotton-seed  oil,  which  it  also  resembles  in  its  chemical 
composition. 

It  contains  the  glycerides  of  oleic,  linolic,  palmitic, 
and  stearic  acids.  The  solid  fatty  acids  amount  to  about 
14  per  cent,  of  the  total  fatty  acids,  whilst,  according 
to  Farnsteiner,  the  linolic  acid  is  about  12  per  cent. 

The  unsaponifiable  matter  contains  phytosterol,  a 
body  termed  sesamin,  and  a  compound  of  the  nature  of 
a  phenol,  termed  sesamol.  It  is  to  the  presence  of  this 
substance  that  the  characteristic  furfui'al  reaction  (see 
Baudouin's  test,  p.  139)  is  due. 

This  active  constituent  may  be  removed  from  sesame 
oil  by  treatment  with  animal  charcoal,  and  the  oil  may  also 
be  rendered  inert  by  prolonged  heating  over  boiling  water. 

The  oil  can  be  bleached  by  treatment  with  animal 
charcoal  and  French  chalk. 

Sesame  oil  has  a  pale  yellow  colour  and  a  pleasant 
odour  of  the  grain.  It  solidifies  at  a  lower  temperature 
(6°  C.)  than  cotton-seed  oil,  and  does  not  yield  the  large 
proportion  of  "  stearine  "  given  by  the  latter. 
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In  the  elaidin  test  it  gives  a  reddish-brown  partially 
solid  mass  of  about  the  same  consistence  as  the  elaidin 
of  cotton-seed  oil. 

Its  iodine  value  (usually  about  106)  is  somewhat  lower 
than  that  of  cotton-seed  oil,  except  in  the  case  of  the  oil 
from  Russian  seed,  which  has  an  iodine  value  of  114-115. 

As  is  mentioned  elsewhere,  the  addition  of  sesame  oil 
to  margarine  is  compulsory  in  Germany,  Austria,  and 
Belgium,  so  that  the  product  possesses  a  "  latent  colour  " 
which  may  be  developed  by  the  use  of  the  Baudouin 
reagent. 

In  addition  to  its  use  as  a  salad  oil,  and  in  pharma- 
ceutical preparations,  sesame  oil  is  employed  as  an  adulter- 
ant of  olive  and  almond  oils ;  whilst,  in  turn,  it  is  liable 
to  be  adulterated  with  arachis  oil,  cotton-seed  oil,  poppy 
oil,  and  rape  oil. 

The  presence  of  the  first  may  be  detected  by  an  estima- 
tion of  the  arachidic  acid  (p.  142),  whilst  Halphen's  test 
will  show  the  presence  of  cotton-seed  oil. 

The  other  oils  are  detected  by  the  general  physical 
and  chemical  characteristics,  and,  in  the  case  of  rape 
oil,  by  the  characteristics  of  its  principal  fatty  acid, 
erucic  acid. 

Cotton-seed  Oil. — Tliis  oil,  as  has  been  already  men- 
tioned (p.  23),  is  expressed  in  enormous  quantities  in  the 
United  States,  whilst  there  is  a  steadily  increasing  pro- 
duction in  Egypt  and  India.  In  practice,  a  ton  of  cotton 
seed  yields  about  2 J  cwt.  of  crude  oil,  which  is  then 
separated  into  "  summer  oil  "  and  "  foots  "  by  refining 
(p.  40). 

Tlie  bulk  of  the  cotton-seed  oil  used  for  food  in  this 
country  is  derived  from  Egyptian  seed,  for  the  Indian 
oD  is  considered  to  have  an  unpleasant  flavour. 
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Experiments  made  by  Hooper,  however,  upon  oils 
derived  from  American  seed  grown  in  India  (Ann.  Report, 
Indian  Museuniy  1910,  26),  show  that  the  fault  lies  ^^ith 
the  method  of  screening  the  seed,  and  the  process  of 
refining  the  oil. 

He  finds  that  by  treating  Indian  oils  with  the  amount 
of  alkali  corresponding  to  the  acidity  and  giving  a  sub- 
sequent thorough  washing  with  water,  the  whole  of  the 
colouring  matter,  the  so-called  "  bloom,"  and  the  acid 
taste  are  removed,  and  that  the  product  has  the  light 
colour  and  bland  flavour  of  refined  Egyptian  oil. 

Thus,  by  removing  all  dirt  from  the  seed  and  delivering 
the  seed  in  sound  condition,  and  washing  the  oil  to  a 
sufficient  extent  after  the  refining  with  alkali,  there 
appears  to  be  no  reason  why  oils  from  Indian  seed  should 
be  in  any  respect  inferior  to  Egyptian  oils. 

Hooper's  experiments  also  indicate  that  as  much 
**  stearine  ''  could  be  separated  from  Indian  oils  as  from 
American  or  Egyptian  oils. 

Cotton-seed  oil  consists  chiefly  of  the  glycerides  of 
oleic  and  linolic  acids,  the  latter,  as  is  indicated  by  the 
iodine  value,  being  present  in  much  gieater  proportion 
than  in  olive  oil,  and  amounting  to  about  17  or  18  per 
cent,  of  the  total  fatty  acids.  The  glycerides  of  solid 
fatty  acids  which  are  present  in  solution,  and  separate 
out  as  "  cotton-stearine  "  on  chilling  the  oil,  consist  prin- 
cipally of  those  of  palmitic  acid  with  a  small  proportion 
of  stearic  acid  (Hehner  and  Mitchell). 

Owing  to  the  presence  of  the  largo  amount  of  linolic 
acid,  cotton-seed  oil  belongs  to  the  class  of  oils  known 
as  '*  semi-drying  '*  oils,  i,  e.  oils  which  thicken  on  ex- 
posure to  the  air,  but,  unlike  the  drying  oils,  do  not  form 
a  dry  film  until  after  the  lapse  of  a  long  time. 
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When  exposed  to  a  temperature  of  about  10°  to  14°  C, 
cotton-seed  oil  yields  a  deposit  of  the  so-called  "  cotton- 
stearine  "  {q.  v.),  whilst  the  entire  oil  becomes  solid  at 
about  the  freezing-point  of  water.  The  stearin,  which 
is  separated  by  filtration  (p.  38),  is  a  useful  by-product 
which  is  utilised  in  the  preparation  of  margarine.  The 
oil  from  which  the  "  stearin  "  has  been  separated  goes 
by  the  name  of  "  winter  "  cotton-seed  oil. 

Oils  which  have  been  refined  by  treatment  with  alkali 
and  separation  of  "  stearin  "  have  a  mild  taste  and  are 
practically  devoid  of  free  acids.  They  are  widely  em- 
ployed both  as  salad  oils  and  as  substitutes  for  lard  in 
cooking,  but  the  bulk  of  the  American  oil  is  made  up 
into  margarine  or  used  in  the  manufacture  of  soap. 

Cotton -seed  oil  is  a  common  adulterant  of  olive  oil, 
and,  owing  to  its  forming  a  frequent  ingredient  of 
margarine,  may  find  its  way  into  butter. 

In  addition  to  the  colour  reactions,  described  on  p.  141, 
it  may  be  identified  by  the  relatively  high  melting-point 
of  its  solid  fatty  acids  (32°  to  38°  C),  and  by  its  iodine 
value  (106-115). 

In  the  elaidin  test  (p.  138)  it  yields  a  butter -like  mass 
of  an  orange  colour,  very  different  from  the  hard  white 
elaidin  produced  by  olive  oil. 

Cotton-seed  oil  contains  about  one  per  cent,  of  un- 
saponifiable  matter  consisting  chiefly  of  phj^osterol. 
The  presence  of  cotton-seed  oil  in  animal  oils  and  fats 
may  thus  be  confirmed  by  the  phytosteryl  acetate  test 
(p.  131). 

Sunflower  Oil. — Enormous  quantities  of  sunflower  seeds 
are  cultivated  in  Russia  for  the  production  of  an  edible 
oil,  and  most  of  the  oil  miUs  in  that  country  are  engaged 
in  the  industry. 
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The  method  of  expression  is  similar  to  that  used  in 
this  country  for  linseed.  The  seeds  are  first  "  screened  '* 
from  dirt,  particles  of  stalk,  etc.,  and  are  then  steamed 
and  crushed  to  a  paste,  which  is  wrapped  in  hair-cloths 
and  expressed  in  a  hydraulic  press.  Expression  by  hand 
is  still  employed  in  some  of  the  smaller  mills. 

When  freshly  obtained  from  clean  seed,  sunflower  oil 
is  a  pale  yellow  fluid  with  a  pleasant  odour  and  flavour, 
but  the  second  (hot)  pressings  are  much  darker  in  colour, 
and  are  used  for  illuminating  purposes,  and  in  the 
manufacture  of  varnish. 

Sunflower  oil  has  good  diying  properties,  though  these 
are  less  pronounced  than  in  the  case  of  poppy  or  linseed 
oil.  It  consists  of  the  glycerides  of  oleic,  linolic,  and 
palmitic  acids,  and  probably  contains  a  small  amount 
of  linolenic  acid. 

Its  iodine  value  (about  130)  is  considerably  higher  than 
that  of  cotton-seed  oil. 

Wlien  used  as  a  salad  oil  it  has  the  advantage  of  keeping 
fluid  to  a  very  low  temperature,  but  its  drying  capacity, 
which  causes  a  film  to  form  rapidly  upon  the  surface 
when  exposed  to  the  air,  is  a  drawback  from  which  olive 
and  similar  non-drying  oils  are  free. 

Sunflower  oil  is  occasionally  employed  as  an  adulterant 
of  olive  oil.  It  would  be  detected  by  the  increase  in  the 
iodine  value,  and,  according  to  Jean,  by  its  having  a 
slight  reducing  action  upon  silver  nitrate  in  Becchi's 
test  (7.  v.). 

Poppy    Oil. — The  oil  expressed  from  the  seeds  of  the 

poppy    (Papaver    somniferum),    which    is    cultivated    in 

Egypt  and  Asia  Minor,  has  a  mild,  bland  taste,  and  is 

sometimes  used  as  an  edible  oil. 

Its  chief  use,  however,  is  as  a  drying  oil  for  paints,  for 
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which  its  good  drying  capacity  and  its  light  coloui*  make 
it  particularly  suitable. 

It  consists  of  the  glycerides  of  oleic,  linolic,  and  lino- 
lenic  acids,  with  a  small  proportion  of  those  of  solid  fatty 
acids,  including  stearic  and  palmitic  acids. 

It  shows  considerable  resemblance  to  sunflower  oil  in 
its  chemical  and  physical  characteristics,  as  is  shown  by 
the  following  typical  values  : — 


Sp.gr. 

Saponification 
Value. 

Iodine 
Value. 

136 

Hehner 
Value. 

Solidification 
I'oint, 

0-926 

194 

95-4 

-  15°  to 

-  20°  a 

If  added  in  any  considerable  quantity  to  olive  oil  there 
would  be  an  increase  in  the  sp.  gr.  and  iodine  value  of 
the  latter. 

Poppy  oil  is  sometimes  adulterated  with  sesame  oil, 
the  presence  of  which  may  be  detected  by  Baudouin's 
test. 

Chocolate  Fats 

Cacao  Butter. — In  the  manufacture  of  cocoa  and  choco- 
late a  large  proportion  of  the  fat  contained  in  the  cocoa- 
bean  is  expressed,  and  forms  ^  valuable  by-product. 

This  fat,  which  is  usually  termed  cacao  butter,  comes 
into  the  market  in  moulded  slabs,  weighing  several 
pounds  each. 

It  is  a  hard  substance  of  a  yellowish  colour,  having 
an  aroma  of  cocoa,  and,  when  broken,  shows  signs  of 
crystalline  structure. 

Its  flavour  and  high  melting-point  render  it  par- 
ticularly suitable  for  the  "  cream  "  of  chocolate  creams, 
and  large  quantities  of  it  are  used  for  this  purpose. 

The  chemical  composition  of  cacao  butter  resembles 
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that  of  other  hard  fats,  the  differences  being  due  to  a 
different  proportion  of  the  various  glycerides. 

It  contains  stearic,  palmitic,  lauric,  and  oleic  acids, 
whilst  arachidic,  and  a  fatty  acid  termed  theobromic 
acid,  are  also  said  to  have  been  identified,  though  the 
presence  of  either  is  doubtful. 

The  hardness  and  high  melting-point  of  the  fat  are 
due  to  the  large  proportion  (about  40  per  cent.)  of  stearic 
acid  it  contains. 

The  melting-point  of  the  commercial  product  ranges 
from  about  27^  to  34^  C. 

The  relatively  low  iodine  value  (usually  between  32  and 
36)  indicates  the  presence  of  a  much  smaller  amount  of 
liquid  fatty  acids  than  of  solid  fatty  acids,  the  former, 
according  to  Farnsteiner,  consisting  of  oleic  acid,  and 
constituting  31  per  cent,  of  the  total  fatty  acids. 

It  has  frequently  been  stated  that  cacao  butter  is  not 
liable  to  become  rancid.  This,  however,  is  not  the  case, 
for  the  fat,  like  other  fats,  does  gradually  decompose  on 
exposure  to  light  and  air,  though  owing  to  its  consistence 
and  the  low  proportion  of  glycerides  of  liquid  fatty  acids 
present  the  process  is  not  rapid,  as  in  the  case,  for  example, 
of  coconut  oil. 

Cacao  butter  is  frequently  adulterated,  the  principal 
substances  liable  to  be  found  being  stearic  acid,  coconut 
oil,  paraffin  wax,  beeswax,  and  various  vegetable  oils. 

Cacao  butter  fetches  too  high  a  price  to  be  used  in  the 
lowest  grade  of  chocolate  creams,  and  various  substitutes 
are  now  sold. 

Coconut  and  Palm-kernel  Oil  Stearines. — Among  the 
most  common  of  these  cheaper  products  are  the  **  stearines," 
obtained  by  expression  fi'om  coconut  oil  and  palm-kernel 
oil,  both  of  which  in  their  original  condition  are  too  soft, 
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and  melt  at  too  low  a  temperatuie  to  be  suitable  for  this 
purpose. 

In  preparing  more  solid  fats  these  oils  are  melted  and 
refined,  then  chilled  down,  and  subjected  to  pressure  in 
the  cold  in  a  hydraulic  press.  A  fractionation  is  thus 
effected,  the  expressed  portion,  known  as  coconut  or 
palm-nut  olein,  being  much  more  fluid  than  the  stearine 
left  in  the  press,  whilst  the  latter  is  more  consistent  than 
the  original  fat. 

Thus,  while  the  melting-point  of  coconut  oil  is  usually 
about  23°  C,  that  of  the  separate  is  about  30°  C. 

The  following  results  were  obtained  by  Sachs  (Chem. 
Rev.  Fett  Ind.,  1908,  xv.  30)  in  the  examination  of 
commercial  samples  of  these  stearines  : — 


Melting- 
point,  *0. 

Sp.gr. 

at 
100"  0. 

Saponi- 
ncation 
Value. 

Relclirrt- 
Meissl 
Value. 

Iodine 
Value. 

Melting- 
point  of 

Fatty 
Acids.  '0. 

Hard        coconut 
stearine 

Palm-  nut  stearine 

29-3  to  29-5 
31-5  to  32 

0-8700 
0-8700 

262 
242 

3-4 
2-2 

4-0  to 
4-5 

8 

28-1 

28-5  to 
29-5 

Frequently  these  products  are  rendered  still  more  con- 
sistent by  the  addition  of  a  small  proportion  of  an  animal 
stearin  or  some  vegetable  fat  of  higher  melting-point, 
such  as  Japan  wax. 

Thus  a  commercial  preparation  consisting  of  a  mixture 
of  coconut  stearin  with  25  per  cent,  of  Japan- wax,  melted 
at  34°  to  35*5°  C,  or  approximately  at  the  same  tempera- 
ture as  a  good  sjiecimen  of  cacao  butter. 

The  process  of  hardening  oils  by  hydrogenation  has 
also  been  extended  to  the  treatment  of  semi-solid  fats, 
such  as  coconut  oil,  and  products  of  much  higher  melting 
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point  are  thus  obtained,  while  there  is  also  a  simultaneous 
deodorisation  of  the  fat. 

The  following  results  published  by  Bomer  and  Leschly- 
Hansen  (Chem.  Bev.  Feit  Ind.,  1912,  xix.  218,  247)  show 
the  effect  of  hydrogenation  upon  a  typical  coconut  oil : — 


i 

MeltlnR- 
polnt.  'C. 

Solidi- 

ncfttion- 

polut,  -O. 

20-4 
27-7 

Acid 
Value. 

111 

Iodine 
Value. 

11-8 
10 

Coconut  oil     . 

Coconut  oil,  hydrogenated 

25-6 
44. 

0-3 
0-4 

255-6 
2541 

Other  Vegetable  Fats. — Of  late  years  various  exotic 
vegetable  fats  have  been  put  upon  the  market  as  choco- 
late fats  either  in  their  pure  state  or  in  admixture  with 
coconut  or  palm-nut  stearins.  These  fats  include  dika 
fat,  tankawang  fat  (Borneo  tallow)  and  illipe  fat. 

Dika  fat,  which  is  obtained  from  the  seed  kernels  of 
Mangifera  gabonensis  and  other  members  of  the  same 
family,  growing  on  the  West  Coast  of  Africa,  is  a  hard 
fat,  melting  at  about  39°  C.  (or  higher  than  cacao  butter), 
and  having  an  iodine  value  (5)  about  the  same  as  that  of 
coconut  oil. 

Borneo  tallow  {tankatuang  fat)  is  derived  from  the  seed 
kernels  of  Shorea  aptera  and  other  members  of  the 
Dipterocarpi.  The  native  method  of  separating  the  fat 
is  to  suspend  the  kernels  in  baskets  above  boiling  water, 
and  when  soft,  to  express  them  in  primitive  presses. 
According  to  Sachs  (loc.  cit.)j  Borneo  tallow  melts  at 
37-5°  C,  and  has  an  iodine  value  of  30-31. 

Illipe  butter  (maMa  butter),  which  is  derived  from  the 
seeds  of  Bassia  lati folia,  is  a  yellow  fat,  large  quantities 
of  which  are  eaten  in  India. 

Nine   samples   of   the   Indian   product   examined  by 
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Crossley  and  Le  Sueur  had  melting-points  ranging  from 
23°  to  29°  C,  and  iodine  values  of  58-4  to  67-8.  The 
relatively  low  melting-point  appears  to  depend  upon  the 
large  proportion  of  glycerides  of  liquid  fatty  acids  present, 
and  this  fat  would  probably  yield  a  hard  stearine  on 
expression,  or  could  be  hardened  by  hydrogenation. 

Others  fats  which  might  be  used  for  this  purpose,  if 
they  could  be  obtained  in  sufficient  quantity,  are  shea 
butter,  from  the  seeds  of  Bassia  Parkii  (melting  at  about 
25°  C.) ;  Mafura  tallow,  melting  at  35°  to  42°  C. ;  Mkani 
fat,  melting  at  about  40°  C. ;  Malabar  or  PLney  tallow, 
produced  by  the  East  Indian  tree,  Valeria  indica  (melting 
at  about  37°  C);  and  the  products  of  various  Brazilian 
oil  seeds  (p.  30). 

Sachs  {loc.  cit.)  states  that  favourite  substitutes  for 
cacao  butter  consist  of  a  mixture  of  two -thirds  of  palm- 
nut  stearine  with  one-third  of  coconut  stearine,  and  of  a 
mixture  of  40  per  cent,  of  Borneo  tallow  with  60  per 
cent,  of  coconut  stearine. 


CHAPTER  IX 

ANALYSIS  OF  RAW  MATERIALS  AND  FINISHED 
PRODUCTS 

General  Methods  of  Analysis  of  Fats  and  Oils— Special  Testa  for 
Individual  Oils  —  Analysis  of  Butter,  Margarine,  Lard,  Cheese, 
Chocolate 

The  adulteration  of  fats  and  oils  becomes  year  by  year 

more    scientific,    the    latest    development    of    chemical 

research  being  prostituted  to  the  purpose  of  enabling 

sophisticated  articles  to  elude  the  vigilance  of  the  public 

analyst,  whose  duty  it  is  to  detect  such  adulteration.     A 

striking  instance  of  this  is  furnished  by  the  methods  of 

adulterating  butter  described  in  Chapter  V. 

As  was  there  mentioned,  a  method  for  the  examination 

of  piu'e   butter,   formulated  by   Reichert  in    1879  and 

subsequently  modified  by  Meissl  and  Wollny,  was  based 

on  the  presence  of  volatile  fatty  acids,  such  as  butyric 

acid,  in  butter.     Butter  substitutes,  as  usually  made, 

do  not  contain  these  volatile  fatty  acids,  at  any  rate  in 

appreciable  quantity,  except  when  coconut  oil  has  been 

added,  and  this,  therefore,  afforded  a  means  of  detecting 

the  presence  of  artificial  in  genuine  butter.     It  has  been 

found,    however,    that    some    manufacturers    of    butter 

substitutes,  especially  on  the  Continent,  have  actually 

added  these  volatile  fatty  acids,  ostensibly  to  improve 

their  flavour,  but  there  can  be  little  doubt  with  the  real 

object  of  enabling  the  artificial  product  to  be  sold  as 

genuine  butter. 
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It  is  unfortunately  the  case  that  the  unscrupulous 
manufacturer  is  generally  slightly  in  advance  of  the 
examining  authority,  and  as  fast  as  the  latter  detects 
one  form  of  adulteration,  and  devises  means  for  its 
ready  determination,  some  new  form  of  fraud  is  invented 
to  take  its  place. 

As  a  result  of  this  competition  between  expert  adul- 
terator and  public  analyst,  the  methods  for  the  examina- 
tion of  edible  fats  are  constantly  being  improved  and 
increased,  and  some  extremely  elaborate  tests  have  been 
suggested.  In  the  following  pages,  however,  only  those 
most  usually  adopted  in  a  works  or  commercial  laboratory 
are  described. 

General  Methods  of  Examination  of  Fats  and  Oils 

Raw  Materials. — The  appearance,  colour,  and  odour  of 
the  sample  should  be  observed,  and  any  characteristic 
feature  recorded.  The  taste  is  also  frequently  of  value 
in  judging  the  purity  of  a  fat  or  oil,  but  deductions  from 
this  can  only  be  made  after  considerable  experience. 

The  following  physical  and  chemical  data  may  be 
determined : — 

Specific  Gravity. — In  the  case  of  oils  liquid  at  ordinary 
temperatures,  this  is  vsually  taken  at  15°  C,  the  weight 
of  a  given  volume  of  the  oil  being  compared  with  that 
of  the  same  volume  of  water,  at  15°  C,  the  symbol  used 

to  denote  this  being  d.  c-    M  a  sufficient  quantity  of 

the  oil  is  available  a  Westphal  balance  or  a  hydrometer 
may  be  employed  for  the  purpose  ;  if  only  a  small  quantity 
can  be  obtained,  a  specific  gravity  bottle  or  Sprengel  or 
Nicol  pycnometer  should  be  used.    This  latter  method 
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is  to  be  preferred  where  great  accuracy  is  desirable.  The 
specific  gravity  bottle  or  pycnometer  must  be  first  cali- 
brated by  filling  it  up  to  the  mark  with  distilled  water 
at  15°  C,  and  weighing  it. 

The  specific  gravity  of  solid  fats  is  taken  at  some 
higher  temperature  at  which  they  are  fluid,  preferably 
at  the  temperature  of  a  boiling  water-bath,  which  will 
generally  be  found  to  be  about  99°  C.  This  is  compared 
with  the  weight  of  a  similar  volume  of  water  at  15°  C, 

99° 
and  is  represented   by  d  ^q. 

The  specific  gravity  of  oils  and  fats  is  liable  to  increase 
with  age,  and  also  varies  with  the  method  of  treatment 
during  refining. 

The  specific  gravity  of  butter  fat  is  best  taken  at  a 
temperature  of  35°  C,  for  reasons  which  are  dealt  with 
under  the  heading  of  "  Butter,"  in  Chapter  V. 

Free  Fatty  Acids. — These  are  determined  by  warming 

on  the  water-bath  for  a  few  minutes  a  weighed  quantity 

(2  to  10  grms.  according  to  the  degree  of  acidity  of  the 

fat)  of  the  fat  or  oil,  with  25  e.c.  of  purified  methylated 

alcohol,  which  has  been  neutralised  immediately  prior  to 

N 
use,   with   Y^  potassium   hydroxide   solution,   and  after 

adding  phenol- phthalein  solution,  slowly  running  in  from 

N       N 
a  burette  9-  or  ttv  alcoholic  potassium  hydroxide  solution 

until  a  faint  permanent  pink  colour  is  produced.     Each 

N       N 
c.c.  of  2^  or  Y^r  alkali  corresponds  to  0-141  or  0-0282  grm. 

respectively  of  free  fatty  acids,  expressed  as  oleic  acid, 
and  from  this  the  percentage  of  acidity  is  calculated. 
The  free  acidity  is  fiequently  expressed  as  the  acid 
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value,   which    represents   the    number    of   milligrams   of 
potassium  hydroxide,  KOH,  required  to  neutralise  the 

acidity  in  1  grm.  of  oil  or  fat. 

N 
Escample. — If  6-656  grms.  fat  required  1-5  c.c.  ;r^  alco- 
holic potassium  hydroxide  solution  to  neutralise  it,  then 

1-6  X  00282  X  100       ^  ^^  .     .         ,  . .  . , 
=  0*63   per    cent,    free   fatty   acids, 

expressed  as  oleic  acid. 

The  acid  value  in  this  case  would  be 

1-5  X  0-00561  X  1000  _  -  ^„ 
6-656  -  ^''^^' 

Tlie  maximum  permissible  limit  for  free  acidity  depends 
on  the  nature  of  the  fat  or  oil.  For  edible  tallows  it 
should  not  exceed  3  per  cent.,  for  lard  0-5  per  cent.,  and 
for  coconut  oil  2  per  cent. 

Saponification  Value. — It  has  been  shown  in  Chapter  I 
how  the  various  glycerides  contained  in  fats  and  oils  are 
split  up  or  saponified  by  the  action  of  caustic  alkalies, 
one  molecule  of  a  triglyceride  such  as  stearin  requiring 
tlu*ee  molecules  of  potassium  hydroxide  for  its  saponifica- 
tion (cf.  p.  5). 

The  composition  of  the  various  fats  and  oils  being 
fairly  constant,  the  amount  of  alkali  required  for  the 
saponification  of  any  given  weight  is  also  nearly  constant. 
Koettstorfer  first  utilised  this  fact  in  1879  for  the  analysis 
of  butter  fat,  and  it  has  now  become  the  basis  of  one  of 
the  most  important  factors  in  the  analysis  of  nearly  all 
fat«  and  oils,  the  amount  of  any  fat  which  is  saponified 
by  1  grm. -molecule  or  56-1  grms.  of  potassium  hydroxide 
being  termed  its  saponification  equivalent. 

The  more  usual  method  of  expressing  the  same  thing 
is  the   number  of   milligrams  of   potassium   hydroxide 
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required  to  saponify  1  grm.  of  fat,  which  is  called  the 
saponification  value.  The  difference  between  the  saponi- 
fication and  acid  values  is  spoken  of  as  the  ester  value. 

To  convert  saponification  equivalent  into  saponification 
value,  it  is  merely  necessary  to  divide  56-1  by  the  saponifi- 
cation equivalent,  and  multiply  the  quotient  by  100. 

To  determine  the  saponification  value,  about  2  grms. 

of  the  fat  or  oil  are  weighed  out  into  a  conical  flask  of 

about  200  c.c.  capacity,  25  c.c.  of  neutral  purified  methyl- 

N 
ated  spirit  added,  and  25  c.c.  of  an  approximately  -^ 

alcoholic  solution  of  potassium  hydroxide  run  in  from  a 

burette,  similar  quantities  of  purified  methylated  spirit 

and  alcoholic  potassium  hydroxide  solution  being  also 

placed  in  another  flask  to  serve  as  a  blank  test.     The 

two  flasks  are  now  fitted  with  reflux  condensers  (which 

may  be  simply  glass  tubes,  about  four  feet  long  and  half 

an  inch  in  diameter,  inserted  through  a  cork),  and  are 

placed  on  a  steam  or  water  bath.     The  contents  are  then 

boiled  until  saponification  of  the  fat  is  complete,  which 

may  take  from  thirty  to  sixty  minutes,  and  is  Imown 

to  be  accomplished  when  all  globules  of  oil  disappear. 

A  few  drops  of  phenol -phthalein  solution  are  now  added 

N 
to   each   flask,   and   ^  hydrochloric   or   sulphuric   acid 

carefully  run  in  from  a  burette  until  the  pink  colour  is 

discharged.     The  difference  in  the  amount  of  acid  required 

by  the  contents  of  the  two  flasks  indicates  the  quantity 

of  potassium  hydioxide  required  to  saponify  the  weight 

of  fat  or  oil  taken. 

N 
Example. — 2-1314gims.  fat  required  10-7  c.c.  ,^  hydro- 

chloric  acid  to  neutralise  unabsorbed  alkali. 
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N 
In  the  blank  test  25  c.c.  of  approximately  ^  alcoholic 

N 
potassium  hydroxide  solution  required  25'6  c.c.   of  ^ 

hydrochloric  acid  to  neutralise  it. 

N 
25-6—  10*7  =  14-9  c.c.  »  alcoholic  potassium  hydroxide 

solution  required  to  saponify  the  fat,  and— 

2-1314  X  1000  X  2       ^Q_  -  .n     ..  •     1     X 

=  286-1     sapomncation     equivalent, 

and  — »Q^;^ —  =  196-1,  the  saponification  value. 

If  the  quantity  of  fat  or  oil  employed  for  the  estimation 

of  acidity  is  only  about  2  grms.,  the  saponification  value 

may  also  be  determined  on  the  same  quantity.     After 

proceeding  as  described  above  for  the  acidity  estimation, 

N 
25  c.c.  of  approximately  -^  alcoholic  potassium  hydroxide 

solution  are  added  to  this,  and  the  process  continued  as 
described  above. 

Iodine  Absorption. — This  test,  devised  by  Hiibl  in 
1884,  and  subsequently  modified  by  Wijs,  by  Hanus, 
and  by  Waller,  is  based  upon  the  capacity  of  unsaturated 
fatty  compounds  to  absorb  iodine  and  other  halogens, 
with  formation  of  addition  compounds.  The  amount  of 
iodine  or  of  equivalent  halogen  absorbed  is  therefore 
a  measure  of  the  unsaturated  compounds  present  in  a 
fat,  and  is  very  fairly  constant  within  certain  limits 
for  any  given  fat  in  the  fresh  condition.  The  action  of 
Hiibl's  solution  is  attributed  by  Ephraim  to  the  presence 
of  iodine  monochloride,  but  by  Wijs  to  that  of  hypo-iodous 
acid.  The  percentage  of  iodine  absorbed  is  usually 
recorded  as  the  iodine  number  or  iodine  value. 
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In  Hubl's  method,  two  solutions  are  required — (1)  con- 
taining 25  grms.  iodine  in  500  c.c.  of  absolute  alcohol, 
and  (2)  containing  30  grms.  mercuric  chloride  in  500  c.c. 
of  absolute  alcohol.  These  solutions  should  be  kept 
separate,  and  only  mixed  about  twelve  to  twenty -four 
hours  before  use. 

The  process  is  carried  out  as  follows  : — Into  a  tightly 
fitting  stoppered  bottle  is  introduced  0-2  to  0-6  grm.  of 
the  fat,  10  c.c.  chloroform  added,  and  25  c.c.  of  the 
mixed  Hiibl  solution  run  in  from  a  burette.  The  bottle 
is  then  firmly  stoppered,  and  allowed  to  stand  in  a  dark 
place  for  four  hours,  a  similar  bottle  containing  the  same 
quantities  of  chloroform  and  Hiibl  solution  being  placed 
by  its  side  as  a  blank  experiment. 

At  the  end  of  the  four  hours,  20  c.c.  of  a  freshly  pre- 
pared 10  per  cent,  potassium  iodide  solution  and  150  c.c. 
of  water  are  added  to  each  bottle,  and  the  excess  of 

N 
iodine   titrated   with  recently  standardised    ,^   sodium 

thiosulphate  solution,  the  bottles  being  vigorously  shaken 

dm'ing  the  titration,  and  fresh  starch  solution  used  for 

determining    the    final    point.     Tlie    difference    in    the 

N 
number  of  c.c.  of  v-.  sodium  thiosulphate  solution  required 

by  the  contents  of  the  two  bottles  is  a  measure  of  the 
iodine  absorbed  by  the  fat.  This  figure,  multiplied  by 
the  iodine  equivalent  of  the  sodium  thiosulphate  solution 
(found  by  titrating  it  with  a  known  weight  of  pure  re- 
sublimed  iodine),  and  by  100,  and  divided  by  the  weight 
of  fat  taken,  gives  the  iodine  value  of  the  fat. 

Example. — 0-539  grm.  oil  taken.     Blank  bottle,  with 

N 
iodine  solution  and  chloroform  only,  required  61*4  c.c.  .^ 
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N 
thiosulphate ;    bottle  containing  oil  reqiiiied  25  c.c.  w 

N 
thiosulphate.    The  iodine  equivalent  of  the  j-:  thiosulphate 

solution  was  found  to  be  1  c.c.  =0-0126  grm.  I. 

Then -^^t: =851  iodine  value. 

'ooy 

Wija*  Method. — The  Hiibl  method  has  now  to  a  very 
large  extent  been  displaced  by  the  Wijs  process,  in  which 
the  iodine  is  absorbed  by  the  fat  much  more  quickly, 
only  about  thirty  minutes'  contact  being  required.  The 
Wijs  iodine  reagent  consists  of  a  solution  of  iodine  mono- 
chloride  in  glacial  acetic  acid,  and  may  be  prepared  cither 
by  weighing  out  7-9  grms.  of  iodine  trichloride  (which 
must  be  done  in  a  weighing  bottle)  and  8-7  grms.  of 
iodine,  dissolving  these  separately  in  glacial  acetic  acid, 
and  mixing  and  making  the  solutions  up  to  a  litre  with 
glacial  acetic  acid ;  or  dissolving  13  grms.  of  iodine  in  a 
litre  of  glacial  acetic  acid,  and  passing  chlorine  into  the 
solution  until  the  iodine  is  all  converted  into  the  iodine 
monochloride — a  point  which  may  be  determined  by  the 
gain  in  weight,  or,  with  a  little  practice,  by  the  change 
in  colour  of  the  solution.  The  details  of  the  process  are 
closely  similar  to  those  in  the  Hiibl  method,  except  that 
it  is  preferable  to  dissolve  the  fat  in  carbon  tetrachloride 
instead  of  in  chloroform. 

Bromine  Absorption. — This  is  similar  in  principle  to 
the  iodine  absorption,  and  though  numerous  processes, 
both  gravimetric  and  volumetric,  have  been  proposed 
for  its  determination,  it  has  now  been  almost  entirely 
superseded  by  determination  of  the  iodine  absorption. 
A  process  devised  by  Mcllhiney  (J,  Amer.  Chem.  Soc,, 
1894,  296,  and  1899,  1084),  however,  deserves  attention, 
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for   it   estimates   both   the   added   and   the   substituted 

bromine. 

The  weighed  quantity,  say  0-5  grm.  of  the  oil  or  fat, 

N 
is    dissolved   in    10   c.c.    of    chloroform,    and   20  c.c.  ^ 

solution  of  bromine  in  chloroform  added.  After  two 
or  three  minutes  20  to  30  c.c.  of  a  10  per  cent,  potas- 
sium   iodide    solution    arc    added,    and    the    liberated 

N 
iodine  titrated  with  standard  .     thiosulphate,  the  result 

giving  the  bromine  forming  addition  compounds.  After 
this,  5  c.c.  of  neutral  2  per  cent,  potassium  iodate  solu- 
tion are  introduced,  and  the  liberated  iodine  titrated, 
the  result  in  this  case  corresponding  to  the  hydrobromic 
acid  formed  by  the  bromine,  in  producing  substituted 
bodies,  or,  in  other  words,  giving  the  bromine  substitution 
value. 

litre,  or  Sodidifying  Point  of  the  Fatty  Acids. — Many 
methods  for  determining  the  melting  and  solidifying  points 
of  fatty  matters  have  been  proposed,  but  modifications  of 
the  Hire  test,  due  to  Dalican^  are  now  most  generally 
adopted.  This  test  consists  in  determining  the  solidifying 
point  of  the  fatty  acids  separated  from  a  fat  or  oil,  a  figure 
which  is  an  important  characteristic  of  most  fats,  and  in 
the  case  of  tallows  is  largely  employed  as  the  basis  for 
their  commercial  valuation.  It  is,  of  course,  essential  that 
in  the  preparation  of  artificial  butters  from  a  standard 
formula  the  firmness  of  the  fats  used  should  be  as  nearly 
as  possible  constant,  and  this  is  best  determined  by  the 
titre  test. 

The  test  is  cairied  out  by  first  saponifying  the  fat  with 
alcoholic  sodium  hydroxide  solution,  decomposing  the 
resulting    soap    with    dilute    sulpliuric    acid,    and    after 
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washing  and  drying  the  liberated  fatty  acids,  determining 
their  solidifying  point.  One  ounce  of  the  sample  is 
melted  in  a  shallow  porcelain  basin  on  a  water -bath,  and 
30  c.c.  of  a  25  per  cent,  solution  of  sodium  hydroxide 
added,  together  with  50  c.c.  of  redistilled  methylated 
spirit.  The  contents  of  the  basin  are  now  evaporated 
on  the  water-bath,  with  constant  stirring,  imtil  a  pasty 
mass  of  soap  is  formed,  and  this  is  redissolved  in  a  further 
50  c.c.  of  redistilled  methylated  spirit,  and  again  evapor- 
ated to  dryness  on  the  water -bath.  The  solid  soap  thus 
obtained  is  dissolved  in  water,  sufficient  dilute  sulphm-ic 
acid  added  to  decompose  it,  and  the  whole  warmed 
until  the  fatty  acids  melt  to  a  clear  oily  liquid  on  the 
surface.  The  water  underneath  is  now  siphoned  off, 
more  distilled  water  added  to  wash  out  any  remaining 
trace  of  mineral  acid,  and  again  siphoned  off,  this  treat- 
ment being  repeated  until  the  washings  are  no  longer 
acid  to  litmus  paper.  The  melted  fatty  acids  are  next 
poured  on  to  a  dry  filter  paper,  which  is  placed  in  a 
funnel  resting  on  a  beaker,  and  the  latter  is  placed  either 
in  the  water-bath  or  in  an  air-oven  at  about  100°  C. 
until  the  clear  fatty  acids  have  filtered  through  it. 

From  10  to  15  grms.  of  these  dry  fatty  acids  are  trans- 
ferred to  a  wide  test  tube,  about  six  inches  long  and  one 
inch  in  diameter,  which  is  inserted  through  a  cork  into  a 
flask  or  wide-mouthed  bottle,  to  protect  the  tube  from 
draught.  The  tube  is  closed  with  a  loosely  fitting  i)er- 
f orated  cork,  through  which  passes  a  short  range  thermo- 
meter (0°  to  60°),  accurately  graduated  in  fifths  of  a 
degree  centigrade,  and  having  its  bulb  just  immersed 
in  the  fatty  acids  as  near  the  centre  as  possible. 

The  temperature  is  now  raised  to  a  few  degrees  above 
the  melting-point  of  the  fatty  acids,  and  allowed  to  cool 
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down  without  stirring.  As  soon  as  the  fatty  acids  just 
begin  slowly  to  solidify,  they  are  stirred  round  gently 
with  the  thermometer,  the  temperature  on  which  will 
gradually  fall  till  a  minimum  point  is  reached.  Stirring  is 
now  discontinued,  and  the  rise  in  temperature,  which  is  pro- 
duced by  the  heat  given  out  by  the  acids  in  crystallising, 
is  observed.  The  maximum  temperature  attained  by  the 
fatty  acids  during  tliis  rise  is  the  "  titre  "  of  the  sample. 

Refractive  Index. — The  determination  of  the  refi-active 
power  of  a  fat  or  oil,  or  of  its  fatty  acids,  is  frequently  very 
useful  in  judging  the  purity  of  a  sample,  or  in  drawing 
conclusions  as  to  the  composition  of  a  mixture  of  fats. 

The  refractive  index  itself  may  be  either  directly  deter- 
mined by  means  of  an  Abbe  total  reflection  refractometer, 
or,  as  is  more  usual  in  the  case  of  butter,  the  refractive 
power  may  be  read  off  on  an  arbitrary  scale  by  means 
of  a  Zeiss  butyro-refractometer. 

The  oleo-refractometer  of  Amagat  and  Jean  {Analyst, 
1890,  97),  is  also  a  convenient  instrument. 

One  of  the  great  advantages  of  this  test  is  the  ease  and 
rapidity  with  which  a  number  of  samples  may  be  examined, 
whilst  a  further  advantage  of  the  Abbe  and  Zeiss  instru- 
ments is  that  only  a  very  small  quantity  of  the  sample — 
5  or  6  drops — is  necessary. 

The  different  forms  of  apparatus  are  fully  illustrated 
and  described  in  the  catalogues  of  most  fiims  supplying 
chemical  apparatus,  and  it  is  therefore  unnecessary  to 
give  a  description  here. 

Different  chemists  use  various  temperatures  for  deter- 
mining refractive  indices,  but  that  most  usual  for  oils 
and  fats,  with  the  exception  of  butter,  is  60°  C.  The 
best  temperature  of  observation  for  butter  is  40°  C. 

Unsaponifiable  Matter. — The  amount  of  unsaponifiable 

i) 
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matter  present  in  the  ordinary  animal  and  vegetable 

fats  is  very  small,  and  the  addition  of  any  parafi&n  or 

other    hydrocarbon    is    therefore    readily    detected    by 

estimating  the  unsaponifiable  matter.     The  usual  method 

is  to  saponify  about  5  grms.  of  the  fat,  dissolve  the  soap 

in  water,  and  extract  the  unsaponified  fatty  matter  with 

ether.     The  saponification  is  effected  by  boiling  the  fat 

N 
with    50  c.c.   of  approximately   -^  alcoholic    potassium 

hydroxide  solution  under  a  reflux  condenser,  with  frequent 
agitation,  for  about  an  hour.  The  soapy  solution  is  then 
evaporated  to  dryness  in  a  porcelain  basin  on  a  steam 
or  water  bath,  and  the  soap  obtained  is  dissolved  in 
about  200  c.c.  of  hot  water  and  transferred,  as  soon  as 
sufficiently  cool,  to  a  10  oz.  separating  funnel.  To  this 
is  now  added  50  c.c.  of  ether,  and  the  whole  w;ell  shaken, 
and  allowed  to  separate.  The  aqueous  soap  solution  at 
the  bottom  is  now  run  into  another  similar  separator, 
and  the  ethereal  extract  washed  with  water  to  remove 
any  soap  dissolved  therein.  The  washings  are  added 
to  the  aqueous  soap  solution,  which  is  again  extracted 
with  a  second  50  c.c.  of  ether,  separated,  the  ethereal 
extract  washed  with  water,  and  the  extraction  repeated 
a  third  time.  The  three  washed  ethereal  extracts  are 
then  transferred  to  a  weighed  flask,  the  ether  distilled 
off  on  a  water-bath,  and  the  residue  dried  in  the  oven 
at  100°  C.  till  constant  in  weight.  This  residue  is  the 
unsaponiflable  matter  in  the  weight  of  fat  taken,  whence 
the  percentage  may  be  calculated. 

Difficulty  often  occurs  during  this  process  through  the 
formation  of  an  emulsion  between  the  ethereal  and  the 
aqueous  solutions,  which  prevents  a  sharp  separation  of 
the  two  layers.     To  overcome  this,  various  expedients 
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are  recommended,  such  as  the  addition  of  a  few  c.c.  of 
alcohol  or  glycerin  or  of  more  ether  or  water,  careful 
warming,  or  gentle  rotation. 

The  unsaponifiable  matter  may  consist  of  cholesterol,  a 
constituent  of  many  animal  fats,  of  phytosterol,  a  sub- 
stance similar  to  cholesterol  found  in  vegetable  fats,  of 
solid  alcohols,  such  as  cetyl  and  ceryl  alcohols,  present 
in  spermaceti  and  Chinese  wax,  or  of  hydiocarbons,  which 
do  not  occur  naturally  in  common  animal  or  vegetable 
fats,  although  they  are  present  in  shark-liver  oils,  and 
are  occasionally  added  as  adulterants  to  other  oils  (see 
p.  106). 

To  examine  the  unsaponifiable  matter  for  cholesterol 
and  phytosterol  a  small  quantity  is  dissolved  in  acetic 
anhydiide,  and  one  drop  of  the  solution  added  to  one 
di'op  of  50  per  cent,  sulphuric  acid  on  a  white  porcelain 
tile,  when,  if  either  is  present,  a  blood-red  to  violet  colora- 
tion is  produced.  They  may  be  distinguished  from  each 
other  by  their  crystalline  form,  cholesterol  crystallising 
in  laminae,  phytosterol  in  needle-shaped  tufts ;  or  by  the 
melting  points  of  their  acetates,  cholesteryl  acetate  melting 
at  114-3°  to  114-8°,  and  phytosteryl  acetate  at  125-6° 
to  137°  C. 

The  fact  that  the  unsaponifiable  matter  of  animal  fats 
contains  cholesterol,  whilst  that  of  vegetable  oils  and  fats 
contains  phytosterol,  has  been  made  the  basis  of  a  test 
for  detecting  the  presence  of  vegetable  oils  and  fats  in 
butter  or  lard.  This  test,  which  was  first  proposed  by 
Bomer  (Zeit.  Untersuch.  Nahr.  Genussm.y  1898,  81), 
consists  in  saponifying  the  fat  with  alcoholic  potassium 
hydroxide,  and  extracting  the  unsaponifiable  matter  with 
ether,  which  is  then  distilled  off,  and  the  residue  recrystal- 
lised  from  alcohol.     The  process  has  been  subsequently 
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improved  by  converting  the  cholesterol  or  phytosterol 
into  the  acetic  esters  by  heating  it  with  acetic  anhydride, 
and  determining  the  melting  point  of  the  resulting  ester. 
As  mentioned  above,  that  of  cholesterol  melts  at  about 
114°  C,  that  of  phytosterol  at  125-6°  to  137°  C,  and, 
according  to  Bomer,  an  acetate  melting  at  117°  to  118°  C. 
corresponds  to  an  addition  of  1  to  2  per  cent,  of  vegetable 
oil ;  at  120°  to  121°  C,  to  an  addition  of  2  to  3  per  cent, 
of  vegetable  oil;  and  at  123°  to  125°  C,  to  an  addition 
of  3  to  4  per  cent,  of  vegetable  oil. 

The  following  method  of  carrying  out  this  test,  which 
is  known  as  the  phytosteryl  acetate  test,  is  described  by 
Revis  and  Bolton  (Allen's  Commercial  Organic  Analysis y 
ii.  p.  301). 

Fifty  grms.  of  the  clear  fat  are  boiled  with  75  c.c.  of 
95  per  cent,  alcohol,  cooled,  and  the  alcohol  poured  off, 
a  second  extraction  being  made  with  a  further  75  c.c.  of 
alcohol.  These  combined  extracts,  which  will  contain 
the  greater  part  of  the  cholesterol  and  phytosterol  and 
some  fat,  are  transferred  to  a  porcelain  basin,  and  an 
excess  of  solid  sodium  hydroxide  added,  the  mixture  being 
then  evaporated,  with  gentle  stirring.  After  most  of  the 
alcohol  has  evaporated,  more  than  sufficient  sodium 
bicarbonate  is  added  to  convert  the  excess  of  sodium 
hydroxide  into  sodium  carbonate,  then  some  sand,  and 
the  whole  evaporated  to  dryness,  ground  up  in  the  dish, 
and  extracted  with  light  petroleum  spirit.  The  residue 
from  the  ether  is  heated  with  5  c.c.  of  (approximately) 

—     alcoholic     sodium    hydroxide    solution    and     again 

it 

evaporated  to  dryness,  with  sand.  A  fresh  extraction 
with  petroleum  spirit  is  made,  followed  by  evaporation, 
and  the  residue  is  taken  up  with  the  smallest  possible 


METHODS  OF  ANALYSIS  133 

quantity  of  absolute  alcohol.  If  necessary,  the  solution 
is  boiled  with  animal  charcoal  and  some  95  per  cent, 
alcohol,  filtered  and  evaporated  to  dryness.  The  crystals 
obtained  are  examined  microscopically,  then  converted 
into  their  acetate  by  boiling  them  with  acetic  anhydride 
in  a  covered  watch-glass,  evaporating  off  the  excess  of 
acetic  anhydride  on  the  water-bath,  and  recrystallising 
them  from  absolute  alcohol. 

Further  tests  for  cholesterol  have  also  been  published 
by  Lifschutz  (Ber.  Deut.  Ckem.  Ges.,  1908,  252-5)  and 
Golodetz  (Ch€7n.  Zeit.,  1908,  160). 

The  method  of  the  former  depends  on  the  oxidation  of 
cholesterol  to  oxycholesterol  ester  and  oxycholesterol. 
A  few  mgrms.  of  the  unsaponifiable  matter  are  dissolved 
in  2  to  3  c.c.  of  glacial  acetic  acid,  a  little  benzoyl  peroxide 
added,  and  the  solution  boiled,  after  which  four  drops  of 
strong  sulphuric  acid  are  added.  If  cholesterol  is  present, 
a  violet-blue  or  green  colour  is  produced,  the  violet 
colour  being  due  to  oxycholesterol  ester,  the  green  to 
oxycholesterol. 

Golodetz  has  devised  two  tests  :  (1)  the  addition  to  a 
small  quantity  of  the  unsaponifiable  matter  of  one  or 
two  drops  of  a  mixture  of  5  parts  of  concentrated  sul- 
phuric acid  with  3  parts  of  formaldehyde  solution,  this 
reagent  turning  cholesterol  a  blackish-brown  colour :  and 
(2)  the  addition  of  one  drop  of  30  per  cent,  formaldehyde 
solution  to  a  solution  of  the  imsaponifiable  matter  in 
trichloracetic  acid,  when,  if  cholesterol  is  present,  an 
intense  blue  coloration  is  produced. 

Another  method  of  separating  cholesterol  and  phyto- 
sterol  has  been  based  by  Marcusson  and  Schilling  (Chem, 
Ziet.,  1913,  xxxvii.,  1901)  upon  the  fact  that  they  combine 
with  digitonin  to  form  insoluble  compounds. 
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Various  modifications  of  this  method  have  been  devised, 
one  of  the  most  simple  of  which  is  that  suggested  by 
Fritzsche. 

The  melted  fat  (50  grms.)  is  continuously  stirred  for 
five  minutes,  at  60®  to  70°  C,  with  20  c.c.  of  a  1  per  cent, 
alcoholic  solution  of  digitonin.  In  the  case  of  oils  and 
semi-solid  fats  the  mass  is  filtered  immediately,  with  the 
aid  of  suction,  in  a  Buchner's  funnel,  and  the  residue 
washed  with  six  successive  portions  of  5  c.c.  of  ether; 
if  soUd  fats  are  under  examination  20  c.c.  of  chloroform 
are  added  to  the  hot  liquid,  and  the  separated  insoluble 
portion  washed  twice  with  chloroform  (4  c.c.  each  time), 
and  then  with  six  portions  of  ether  to  remove  all  the 
fat. 

The  residue  of  digitonide  or  digitonides  is  dried  for 
five  minutes  at  30®  to  40°  C,  dissolved  in  2  c.c.  of  hot 
acetic  acid,  and  the  solution  boiled  for  five  minutes  in  a 
test-tube  provided  with  a  vertical  tube  to  act  as  a  con- 
denser, and  then  filtered  through  cotton  wool. 

The  tube  and  filter  are  washed  twice  with  0-5  c.c.  of 
hot  absolute  alcohol,  and  the  united  filtrate  and  washings 
evaporated  on  the  water-bath  in  a  current  of  air.  The 
residue  of  phystosterol  or  cholesterol  acetate  is  dissolved 
in  0*5  to  1  c.c.  of  absolute  alcohol,  and  the  crystals  drained 
on  a  porous  tile,  and  examined  as  described  above. 

Of  the  less  frequently  used  methods  of  examination  the 
following  may  be  mentioned  : — 

Valenta*s  Acetic-acid  Test,  which  depends  on  the  solu- 
bility of  most  oils  and  fats  in  hot  glacial  acetic  acid  of 
1-0562  sp.  gr.,  the  temperature  at  which  a  warmed 
mixture  of  3  c.c.  melted  fat  and  3  c.c.  acetic  acid  becomes 
turbid  on  cooling  being  noted. 

The  test  has  been  slightly  modified  by  Pearmain  and 
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Moor,  who  used  a  short  stoppered  tube,  into  which  is 
weighed  2-75  grms.  of  the  fat  or  oil,  followed  by  3  c.c. 
of  acetic  acid.  The  tube  is  then  stoppered  and  heated 
in  a  water-bath,  the  temperature  being  raised  until  the 
contents  of  the  tube  become  clear  on  shaking,  after  which 
the  source  of  heat  is  removed,  and  the  tube  allowed  to 
cool  down  gradually  in  the  centre  of  the  water-bath  until 
the  contents  again  become  slightly  turbid.  The  tempera- 
ture at  which  this  takes  place  is  recorded,  and  is  a  fairly 
definite  figure  for  any  given  oil.  This  test  is  of  some 
value  in  the  examination  of  butter  for  margarine,  as  is 
pointed  out  in  Chapter  V,  p.  69;  the  temperature  at 
wliich  the  solution  of  the  latter  in  acetic  acid  becomes 
turbid  being  very  much  higher  than  that  of  the  former. 

The  following  are  the  figures  obtained  by  Pearmain  and 
Moor  by  the  above  method  : — 


•0. 

Butter  fat 

.     23-38 

Margarine 
Lard 

.     94-97 

.     97-99 

TaUow       .... 

.     96-99 

Cotton-seed  oil  . 

.     71-89 

Sesam6  oil          ... 

.     90-97 

Olive  oil     . 

.         .         .         .     83-91 

The  drawback  of  this  test  is  that  slight  variations  in 
the  strength  of  the  acetic  acid,  such  as  inevitably  result 
from  opening  the  bottle,  cause  considerable  variations  in 
the  temperatures  of  turbidity.  To  obviate'  this,  it  is 
advisable  to  compare  the  results  with  those  given  by 
specimens  of  butter  fat  of  known  purity. 

A  solvent  which  can  be  exposed  to  the  air  for  several 
hours  without  materially  affecting  the  turbidity  tempera- 
ture of  an  oil  dissolved  in  it  is  a  mixture  of  equal  parts  of 
90  to  92  per  cent,  alcohol  and  amyl-alcohol.  This 
modification  of  the  test  has  been  devised  by  Fryer  and 
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Weston  (Analyst,  1918,  xliii.  3),  who  recommend  that 
pure  almond  oil  should  be  used  to  standardise  the  solvent, 
which  should  be  diluted  so  as  to  give  a  turbidity  tempera- 
ture of  about  70®  C.  with  that  oil.  Another  advantage  of 
this  solvent  is  that  the  results  are  not  materially  affected 
if  the  oil  has  been  heated  prior  to  the  test. 

To  obviate  the  drawback  of  the  solidification  of  the 
acetic  acid  in  cold  weather  Parkes  {Analyst,  1918,  xliii.  82), 
dilutes  the  solvent  with  water  and  a  lower  fatty  acid  such 
as  butyric  acid. 

Maumen^*s  Test,  first  proposed  in  1852,  consists  in 
observing  the  rise  of  temperature  which  takes  place  when 
the  fat  or  oil  is  mixed  with  concentrated  sulphuric  acid. 
Various  methods  of  applying  the  test  have  been  proposed 
by  different  authorities,  that  suggested  by  Archbutt 
(Allen's  Commercial  Organic  Analysis)  being  as  follows  : 
Fifty  grams  of  oil  are  weighed  into  a  200  c.c.  beaker,  and 
the  latter  immersed  in  a  capacious  vessel  of  water, 
together  with  the  bottle  of  strong  sulphuric  acid,  until 
they  are  both  at  the  same  temperature,  which  should 
not  be  far  from  20**  C.  The  beaker  containing  the  oil  is 
then  wiped,  and  placed  in  a  cotton- wool  nest  previously 
made  for  it  in  a  cardboard  drum,  or  a  wider  beaker. 
The  immersed  thermometer  is  then  observed,  and  the 
temperature  recorded.  Ten  c.c.  of  the  concentrated  sul- 
phuric acid  should  then  be  withdrawn  from  the  bottle  with 
a  pipette,  and  allowed  to  run  into  the  oil.  During  the 
addition  of  the  acid,  which  should  occupy  about  one 
minute,  the  mixture  must  be  constantly  stirred  \^ith  the 
thermometer,  and  the  agitation  continued  till  no  further 
rise  of  temperature  ensues.  This  point  is  readily  observed, 
as  the  mercury  remains  constant  for  a  minute  or  two,  and 
then  begins  to  fall.     Very  different  results  are  obtained 
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according  to  the  strength  of  acid  emploj^ed,  the  best 
strength  being  97  per  cent. 

Thomson  and  Ballantyne  (Journ.  Soc,  Chem.  Ind,, 
1891,  X.  233)  proposed  to  determine  the  "  specific  tempera- 
ture reaction  "  of  the  oil,  this  being  obtained  by  noting  (1) 
the  rise  of  temperature  produced  when  50  grms.  of  water 
are  mixed  with  10  c.c.  of  strong  sulphuric  acid  in  the  same 
vessel  and  under  the  same  conditions  as  those  to  be  used 
for  mixing  the  acid  and  oil ;  (2)  mixing  the  oil  and  acid 
as  described  above,  and  then  multiplying  the  rise  in 
temperature  produced  by  the  oil-acid  mixture  by  100, 
and  dividing  by  the  rise  in  temperature  given  by  the 
water-acid  mixture.  The  following  figures  are  given  by 
Thomson  and  Ballantyne  : — 

^5,  Tompcratnre. 

'^"*  Water  =>  100°  0. 

Olive 89-95° 

Arachis 105-137*' 

Cottonseed 163-170** 

It  has  been  shown  by  one  of  the  authors  (M. ;  Analyst^ 
1901,  xxvi.  169),  that  if  the  oil  be  dissolved  in  an  inert 
solvent,  such  as  carbon  tetrachloride,  the  rise  in  tempera- 
ture on  adding  sulphuric  acid  is  usually  proportional  to 
the  iodine  value,  i.e.  the  degree  of  unsaturation  of  the  oil. 

Hence,  since,  in  most  cases,  the  Maumene  test  conveys 
little  more  information  than  can  be  obtained  by  the 
bromine  thermal  test  or  Wijs*s  rapid  method  of  deter- 
mining the  iodine  value,  it  is  not  often  used  at  the  present 
time ;  but  inasmuch  as  it  is  still  referred  to  in  textbooks, 
and  is  quoted  in  recorded  analyses  of  oils,  it  is  not  yet 
obsolete. 

Bromine  Thermal  Value. — The  heat  reaction  with 
bromine  was  utilised  by  Hehner  and  Mitchell  (Analyst, 
1895,  XX.  140)  as  a  rapid  means  of  asceitaining  the  degree 
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of  unsaturation  of  oils  and  fats,  a  weighed  quantity  of 
the  sample  being  dissolved  in  chloroform  or  acetic  acid, 
and  the  rise  in  temperature  on  addition  of  bromine  noted. 
The  oil,  chloroform,  and  bromine  having  first  been  brought 
to  the  same  temperature,  1  grm.  of  oil  is  dissolved  in  10  c.c. 
of  chloroform  in  a  Dewar's  vacuum-jacketed  test  tube, 
and  1  c.c.  of  bromine  added  from  a  special  pipette.  This 
consists  of  a  1  c.c.  pipette  with  a  narrow  tube,  bent  twice 
at  right  angles,  attached  to  its  top,  the  horizontal 
portion  of  the  tube  containing  caustic  lime  kept  in  position 
by  asbestos  plugs.  The  mixture  is  immediately  stirred, 
and  the  rise  in  temperature  measured  with  a  thermometer 
graduated  in  fifths  of  a  degree.  In  the  case  of  most 
ordinary  oils  and  fats  a  relationship  is  shown  to  exist 
between  the  rise  in  temperature  and  the  iodine  value, 
so  that  this  ratio  having  once  been  ascertained  for  the 
apparatus  employed,  the  iodine  value  may  be  readily 
calculated  from  the  rise  in  temperature  observed  on 
adding  the  bromine. 

A  modification  of  the  method  has  been  devised  by 
Harden  (J.  Ind.  Eng.  Chem.,  1916,  viii.  121)  in  which  the 
heat  of  bromination  is  calculated  into  calories  per  gram  of 
oil.  He  finds  that  any  pronounced  difference  between 
the  calculated  iodine  value  and  that  actually  determined, 
must  be  attributed  to  there  being  a  greater  degree  of 
substitution  by  the  bromine  than  the  iodine. 

Elaidin  Test. — ^The  best  method  of  applying  the  test  is 
to  make  use  of  the  action  of  nitric  acid  on  mercury,  a 
reagent  being  prepared  by  dissolving  1  c.c.  of  mercury  in 
12  c.c.  of  cold  nitric  acid  of  1*42  sp.  gr.  When  this  is 
shaken  with  the  oil  in  a  wide-mouthed  stoppered  bottle 
in  the  proportion  of  2  c.c.  of  reagent  to  50  c.c.  of  oil,  the 
shaking  being  repeated  at  intervals  of  ten  minutes  for  two 
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hours,  and  the  temperature  kept  constant  at  not  less  than 
25®  C,  a  bright  lemon-yellow  coloured  solid  mass  is 
obtained  with  olive  oil.  The  products  of  the  reaction 
Avith  almond,  lard,  sperm,  and  archis  oils  are  also  solid, 
but  those  yielded  by  rape,  sesame,  cotton-seed,  sunflower, 
cod-liver,  and  porpoise  oils  have  a  consistence  resembling 
that  of  butter,  whilst  those  from  linseed  and  other  drying 
oils  are  liquid. 

The  preceding  methods  of  examination  are  more  or 
less  generally  applicable  to  all  edible  fats  and  oils,  but 
there  are  numerous  special  tests  applicable  only  to  indi- 
vidual oils,  of  which  the  following  are  the  most  im- 
portant. The  application  of  these  is  also  discussed  more 
generally  in  the  sections  dealing  with  the  special  oils. 

Sesame  Oil 

Baudouin's  Test. — This  is  carried  out  by  dissolving  0-1 
grm.  of  cane  sugar  in  10  c.c.  hydrochloric  acid  of  sp.  gr. 
1-2  and  adding  this  to  20  c.c.  of  the  oil  under  examination, 
shaking  the  mixture  thoroughly  and  allowing  it  to  stand. 
The  presence  of  as  little  as  2  per  cent,  of  sesame  oil  imparts 
a  product  obtained  by  treatment  of  the  oil  with  nitrous 
acid  and  the  time  required  for  its  solidification  being 
observed. 

A  modification  of  this,  consisting  in  adding  0-1  c.c.  of 
a  2  per  cent,  alcoholic  solution  of  furfural  to  the  hydro- 
chloric acid  instead  of  the  0-1  grm.  sugar,  was  devised 
by  Villavecchia  and  Fabris,  who  found  the  reaction  to 
depend  upon  the  formation  of  furfural;  whilst  Wauters 
suggested  that  instead  of  mixing  the  reagent  with  the 
oil,  the  latter  should  be  poured  upon  the  reagent,  under 
which  conditions  less  than  1  per  cent,  will  impart  a 
crimson  colour  to  the  surface  of  contact. 


140  EDIBLE  FATS  AND  OILS 

Sprinkmeyer  and  Wagner  (Zeit.  'Nahr.  Genussm.,  1905, 
X.  347-353)  have  still  further  increased  the  deUcacy  of 
the  test,  so  that  as  little  as  O'l  per  cent,  of  sesame  oil  may 
be  detected.  In  their  process  about  100  grms.  of  the 
filtered  fat  are  twice  extracted  with  20  to  30  c.c.  of  glacial 
acetic  acid  at  60°  0.  The  acid  extracts  are  separated 
and .  evaporated,  and  the  residue  tested  as  described 
above.  In  the  case  of  butter  containing  colouring 
matter,  which  may  interfere  with  the  reaction,  the  latter 
may  be  removed  by  evaporating  the  acetic  acid  residue 
with  10  c.c.  of  alcohol  and  5  c.c.  of  saturated  barium 
hydroxide  solution,  and  extracting  the  residue  several 
times  with  light  petroleum  spirit,  which  is  then  evaporated, 
and  the  final  residue  treated  with  the  furfural  solution. 

Tocher's  Test. — A  freshly  made  solution  of  1  grm.  of 
pyrogaUol  in  15  c.c.  of  concentrated  hydrochloric  acid 
is  shaken  in  a  separating  funnel  with  15  c.c.  of  the  oil, 
and  allowed  to  separate.  The  aqueous  liquid  is  then 
drawn  oflF,  filtered,  and  boiled  for  about  five  minutes, 
when,  if  8esam6  oil  is  present,  it  appears  red  by  trans- 
mitted and  blue  by  reflected  light. 

Bisluyp's  Reaction. — On  exposing  sesam^  oil  to  the  air 
for  several  days  in  the  presence  of  light,  and  then  shaking 
it  with  one  and  a  half  times  its  volume  of  hydrochloric  acid 
(sp.  gr.  1-19)  the  acid  layer  assumes  a  green  coloration, 
the  intensity  of  which  depends  upon  the  age  of  the  oil. 

Kreis  (Chem.  Zeit.,  1899,  xxiii.  802)  found  that  this 
green  colour  was  caused  by  oxidation  products  of  the 
glycerol,  and  suggestecl  the  use  of  the  reaction  as  a  test 
for  rancidity  in  other  fats.  Thus  he  found  that  old 
butter,  and  old  olive  oil,  which  gave  no  coloration  by 
themselves  with  hydrochloric  acid,  gave  the  green 
coloration  when  mixed  with  fresh  sesame  oil. 
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Tea-seed  Oil 

The  oil  expressed  in  China  from  the  seeds  of  the  tea- 
plant  closely  resembles  olive  oil  in  its  analytical  charac- 
teristics, its  iodine  value  ranging  from  about  84  to  90. 
It  is  therefore  now  extensively  used  for  the  adulteration 
of  olive  oil,  and  cannot  be  detected  by  the  ordinary 
methods  of  analysis. 

The  only  reaction  yet  devised  for  its  detection  is  that 
of  Cofman  and  Nicoresti  (Pharm.  J.,  1920,  civ.  139). 
The  suspected  oil  is  shaken  with  a  mixture  of  sulphuric 
and  nitric  acids  and  water,  and  the  tube  then  immersed 
for  twenty  minutes  in  boiling  water.  In  the  presence  of 
tea-seed  oil  in  a  proportion  of  not  less  than  about  20  per 
cent,  the  oil  layer  will  become  pink. 

Cotton-seed  Oil 

There  are  two  well-known  tests  for  this  oil,  those  of 
Becchi  and  Halphen,  both  of  which  have  undergone 
various  modifications. 

Becchi's,  or  the  silver-nitrate  test,  requires  the  pre- 
paration of  two  solutions  :  (1)  containing  1  grm.  of  silver 
nitrate  dissolved  in  200  c.c.  of  alcohol  (98  per  cent,  by 
volume),  to  which  is  added  40  c.c.  of  ether  and  0-1  grm. 
of  nitric  acid;  and  (2)  a  mixture  of  15  c.c.  of  rape  oil 
with  100  c.c.  of  amy  1- alcohol.  Ten  c.c.  of  the  oil  to  be 
tested  are  mixed  in  a  test-tube  with  1  c.c.  of  solution  (1), 
and  then  shaken  with  10  c.c.  of  solution  (2).  The  mixture 
is  now  divided  into  two  equal  parts,  and  one  half  immersed 
in  boiling  water  for  fifteen  minutes,  after  which  it  is 
withdrawn  and  compared  with  the  unheated  portion. 
In  the  presence  of  cotton-seed  oil  a  reddish-brown  colora- 
tion is  developed. 
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Halphen's  Test. — Equal  parts  of  the  oil  or  fat  (or  its 
fatty  acids),  amyl-alcohol,  and  a  1  per  cent,  solution  of 
sulphur  in  carbon  bisulphide,  are  heated  together  in  a 
test-tube  placed  in  a  boiling-water  bath  until  effer- 
vescence ceases,  and  then  transferred  to  a  boiling  brine 
bath  for  about  an  hour,  when,  if  cotton-seed  oil  is  present, 
a  pink  coloration  is  produced.  The  reaction  may  be 
rendered  much  more  rapid,  according  to  Rupp  (Zeit. 
Untersuch.  NaJir.  Genussm.,  1907,  xiii.  74),  by  heating 
the  mixture  in  a  stoppered  flask. 

The  production  of  a  coloration  with  Becchi*s  or  Hal- 
phen*s  reagent  does  not  invariably  prove  the  presence  of 
cotton-seed  oil,  as  the  pure  fat  of  animals  fed  with  cotton- 
seed cake,  even  some  long  time  previously,  has  been 
found  to  give  a  slight  reaction.  On  the  other  hand, 
failure  to  obtain  a  reaction  does  not  prove  the  absence 
of  cotton-seed  oil,  since  heating  the  oil  to  250°  C.  causes 
it  to  give  negative  results  in  these  tests. 


Arachis  Oil 

The  great  similarity  in  the  properties  of  this  oil  and 
olive  oil  renders  some  means  of  distinguishing  one  from 
the  other  necessary,  and  a  process  for  the  purpose  has 
been  based  on  the  different  chemical  composition  of  the 
fatty  acids,  the  arachis  oil  containing  a  considerable 
proportion  of  arachidic  and  lignoceric  acids. 

This  arachidic  acid  (the  term  also  being  used  to  include 
the  lignoceric  acid)  may  be  determined  by  the  following 
process  due  to  Renard  and  modified  by  Lewkowitsch  : 
About  10  grms.  of  the  oil  are  saponified  with  alkali,  as 
described  under  the  **  titre  test,"  the  soap  dissolved  in 
water,  excess  of  alkali  neutralised  with  acetic  acid,  and 
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the  lead  salts  of  the  fatty  acids  precipitated  by  addition 
of  a  solution  of  lead  acetate,  filtered  off,  and  extracted 
with  ether,  all  but  the  palmitate  and  arachidate  being 
dissolved.  These  latter  are  decomposed  with  hydro- 
chloric acid,  the  fatty  acids  separated  from  lead  chloride, 
and  dissolved  in  50  c.c.  of  hot  90  per  cent,  alcohol. 

On  cooling  this  solution,  arachidic  acid  will  crystallise 
out  if  arachis  oil  is  present,  and  the  amount  of  arachidic 
acid  may  be  estimated,  if  desired,  by  filtering  it  off,  and 
washing  it  twice  with  10  c.c.  of  90  per  cent,  alcohol,  and 
once  with  alcohol  of  0-890  sp.  gr.  The  residue  on  the 
filter  is  now  extracted  with  boiling  absolute  alcohol,  in 
which  arachidic  acid  is  soluble,  the  solution  evaporated 
to  dryness,  and  the  arachidic  acid  weighed. 

This  amount  has  to  be  corrected  by  the  addition  of 
0-0025  grm.  for  each  10  c.c.  of  90  per  cent,  alcohol  used 
in  the  crystallisation  and  washing  if  the  treatment  has 
been  carried  out  at  15°  C,  or  0-0045  for  10  c.c.  if  it  was 
done  at  20®  C.  Arachis  oil  contains  about  5  per  cent,  of 
arachidic  acid,  so  that  twenty  times  the  total  amount 
of  arachidic  acid  represents  the  quantity  of  arachis  oil 
in  the  sample  under  examination.  The  melting  point  of 
arachidic  acid  is  71^-72*'  C. 


Butter 

An  analysis  of  butter  for  the  purpose  of  the  Food  and 
Drugs  Act  should  comprise  determination  of  the  water 
and  examination  of  the  fatty  matter,  together  with  tests 
for  colouring  matter  and  preservatives.  In  addition, 
estimations  of  the  casein,  ash,  and  salt  are  also  sometimes 
made. 

The  effect  of  heating  a  little  of  the  sample  in  a  spoon 
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is  a  useful  rough  indication  of  its  purity.  Pure  butter 
produces  considerable  foam,  and  turns  brown,  but,  as  a 
rule,  butter  substitutes  do  not  foam  appreciably,  and 
unless  specially  prepared  to  do  so  (see  Chapter  V,  pp.  67 
and  102),  do  not  become  brown. 

Water. — The  determination  of  water  may  be  made  by 
weighing  out  about  5  grms.  of  the  butter  in  a  platinum 
dish  and  placing  it  in  a  hot-air  oven  at  a  temperature  of 
100°- 1 05°  C,  the  drying  being  continued  until  the  weight 
is  constant. 

Examination  of  the  Fat. — A  quantity  of  the  butter  fat 
is  prepared  by  heating  about  60  grms.  of  the  sample  on 
the  top  of  a  water-bath  until  it  has  completely  melted, 
and  the  water  and  casein  have  separated  to  the  bottom, 
when  the  clear  fat  is  decanted  off  and  filtered  through  a 
dry,  warm  filter  paper.  The  filtered  fat  should  be  clear 
and  bright,  and  is  then  ready  for  examination. 

Many  of  the  general  methods  already  described  for 
the  examination  of  oils  and  fats  are  applicable,  and 
furnish  useful  information  as  to  the  purity  of  butter^ 
Such,  for  example,  are  the  specific  gravity,  the  saponi- 
fication value,  the  refractive  power,  and  Valenta's 
acetic- acid  test,  the  variations  in  which  are  discussed 
on  p.  134. 

Refractive  Power. — The  instrument  most  usually  em- 
ployed is  the  Zeiss  butyro-refractometer,  which  consists 
of  an  Abb6  double  prism,  which  opens  for  the  reception 
of  a  few  drops  of  the  melted  and,  preferably,  filtered  fat. 
A  telescope  is  attached  for  reading  the  refraction  on 
An  arbitrary  scale  graduated  from  5°-105°.  The  prism 
should  be  maintained  at  40°  C.  while  the  observation  is 
being  made.  At  this  temperature  the  reading  for  pure 
butter  is  usually  about  35°-38°.     If  the  temperature  is 
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above  40®  subtract  0*55®  for  each  degree  above,  and  if 
below  40**  C.  add  0-55®  for  each  degree  below. 

Valenta's  Acetic-acid  Test.  —  Reference  has  already 
been  made  to  the  use  of  this  in  the  examination  of 
butter  fat  (p.  134).  The  mixture  of  2-75  grms.  butter  fat 
and  3  c.c.  glacial  acetic  acid  is  warmed  to  40®  C,  when, 
if  the  butter  fat  is  pure,  the  mixture  should  become  clear. 
If  this  is  the  case,  the  liquid  is  now  allowed  to  slowly 
cool  down  with  constant  stirring  with  a  thermometer  until 


Fia.  1. 


it  just  becomes  turbid,  which  should  take  place  at  about 
30®-40°  C. 

With  the  exception  of  the  determination  of  the  refrac- 
tive power  these  methods  of  examination  have  now  very 
largely  given  place  to  processes  based  on  the  presence  of 
volatile  fatty  acids  in  butter,  and  on  their  differentiation 
from  the  volatile  fatty  acids  found  in  coconut  oil  (see 
pp.  147  et  seq.). 

The  modification  of  the  Reichert  process  suggested  by 

WoUny  was,  in  its  essential  details,  that  adopted  for  the 
10 
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determination   of   butter  in  margarine  by  a  Committee 

of  the  Society  of  Public  Analysts  appointed  in  1900  to 

confer  with  the  Principal  of  the  Government  Laboratory. 

The  details  of  this  process,  which  was  formerly,  until  the 

large  increase  in  adulteration  of  butter  with  coconut  oil, 

or  margarine  containing  coconut  oil,  the  chief  method 

for  the  examination  of  butter,  are  as  follows  (Analyst, 

1900,  311):— 

Five  grams  of  the  melted  and  filtered  fat  are  weighed 

into  a  300  c.c.  flask,  of  the  form  and  size  shown  in  Fig.  1, 

(p.  145),  and  2  c.c.  of  a  solution  prepared  by  dissolving 

98  per  cent,  sodium  hydroxide  in  an  equal  weight  of  water 

(care  being  taken  to  prevent  absorption  of  atmospheric 

carbon  dioxide),  and   10  c.c.  alcohol  (92  per  cent.)  are 

added.     The  mixture  is  heated  under  a  reflux  condenser, 

connected  with  the  flask  by  a  T-piece,  for  fifteen  minutes 

in    a    bath    containing    boiling    water.     The    alcohol   is 

distilled  off  by  heating  the  flask  on  the  water-bath  for 

about  thirty  minutes,   or  until  the  soap  is  dry.     One 

hundred  c.c.  of  hot  water,  which  has  been  kept  boiling 

for  at  least  ten  minutes,  are  added,  and  the  flask  heated 

N 
until  the  soap  is  dissolved.     Forty  c.c.  of  -r    sulphuric 

acid,  and  three  or  four  fragments  of  pumice,  or  broken  pipe- 
stem,  are  introduced,  and  the  flask  is  at  once  connected 
with  a  condenser  by  means  of  a  glass  tube  7  mm.  wide 
and  15  cm.  from  the  top  of  the  cork  to  the  bend.  At  a 
distance  of  5  cm.  above  the  cork  is  a  bulb  5  cm.  in 
diameter.  The  flask  is  supported  on  a  circular  piece  of 
asbestos  12  cm.  in  diameter,  having  a  hole  in  the  centre 
5  cm.  in  diameter,  and  is  first  heated  by  a  very  small 
flame  to  melt  the  insoluble  fatty  acids,  though  the  heat 
must  not  be  sufficient  to  cause  the  liquid  to  boil.     The 
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heat  is  increased,  and,  when  fusion  is  complete,  110  c.c. 

of  the  liquid  are  distilled  off  into  a  graduated  flask,  the 

distillation  lasting  about  thirty  minutes  (twenty-eight  to 

thirty-two  minutes).     The  distillate  is  shaken,   100  c.c. 

filtered,  transferred  to  a  beaker,  0-5  c.c.  of  an  alcoholic 

phenol-phthalein  solution  (1  per  cent.)  added,  and  the 

N 
filtrate  titrated  with  sodium  hydroxide  or  barium 

hydroxide  until  pink.     A  blank  experiment  is  carried 

out  in  precisely  the  same  way,  using  the  same  reagents, 

N 
but  omitting  the  fat,  and  the  amount  of  j?^  alkali  required 

to  neutralise  this  distillate  should  not  exceed  0*3  c.c. 
The  difference  between  the  volumes  of  alkali  required 
with  the  butter  fat  and  in  the  blank  determination, 
multiplied  by  M,  gives  the  Reichert-Meissl-Wollny  value. 

The  improvements  in  the  methods  of  refining  coconut 
and  palm -kernel  oils  during  recent  years  have  led  to  the 
addition  of  considerable  quantities  of  those  oils  to  edible 
fats,  and  thus  has  somewhat  reduced  the  value  of  this 
process  for  distinguishing  pure  from  adulterated  butter, 
owing  to  the  fact  already  mentioned,  that  coconut  and 
palm-kernel  oils  contain  a  notable  quantity  of  volatile 
fatty  acids.  A  very  large  number  of  methods  has  been 
proposed  for  detecting  coconut  oil  in  butter,  and  such 
terms  as  "  silver  value,"  "  capry lie- acid  value,"  "  oxygen 
equivalent,"  have  appeared  in  the  literature  of  the 
subject. 

Probably  the  most  valuable  of  all  these  tests  is  one 
devised  by  Polenske  (Zeit.  Untersuch.  Nahr.  Genussm., 
1904,  vii.  273-280),  which  is  based  upon  the  determina- 
tion of  the  volatile  insoluble  fatty  acids  which  distil 
in  the  Reichert-Wollny  process.     This  method,  which  is 
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known  as  the  Reichert-Wollny-Polenske  process,  is  now 
very  generally  employed  for  the  analysis  of  butter,  but 
to  obtain  concordant  results  it  must  be  carried  out 
strictly  under  the  specified  conditions  and  in  an  apparatus 
of  the  form  and  dimensions  shown  in  the  figure  (Fig.  2). 


Fio.  2. 


The  details  of  the  process  are  as  follows  : — 
Five  grams  of  the  clear  butter  fat  are  weighed  out  into 
a  300  c.c.  flask,  and  saponified  as  described  on  p.  146 
with  20  grms.  glycerin  and  2  c.c.  of  a  50  per  cent,  aqueous 
solution  of  sodium  hydroxide,  the  heating  being  effected 
with  a  Bunsen  burner.     When  saponification  is  comi)lete, 
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and  the  mixture  perfectly  clear,  it  is  allowed  to  cool 
down  below  100°  C,  and  the  soap  dissolved  in  90  c.c.  of 
water.  To  this  solution,  which  should  be  clear  and 
almost  colourless,  are  now  added  aO  c.c.  of  dilute  sulphuric 
acid  containing  2-5  per  cent,  sulphuric  acid,  and  the  flask 
attached  to  the  condenser.  The  distillation  is  now  pro- 
ceeded with  as  usual,  the  heat  being  so  regulated  that 
lOOc.c.of  distillate  passover  in  nineteen  to  twenty  minutes, 
and  the  temperature  of  the  condensing  water  is  between 
18®  and  20**  C.  As  soon  as  110  c.c.  of  distillate  have  been 
collected  the  receiver  is  changed,  and  a  25  c.c.  cylinder 
put  in  its  place.  The  receiver  is  now  transferred  (care 
being  taken  to  mix  its  contents  as  little  as  possible)  to  a 
water-bath  at  a  temperature  of  10°  C,  where  it  is  kept  for 
ten  minutes,  the  surface  of  the  water  being  just  above 
the  110  c.c.  mark.  The  insoluble  fatty  acids  rise  into 
the  neck  of  the  flask,  and,  in  the  case  of  butter,  are  in 
the  form  of  solid,  opaque  granules,  and  with  pure  coconut 
oil  in  the  form  of  clear,  oily  drops.  The  latter  are  also 
obtained  in  the  case  of  mixtures  containing  more  than 
10  per  cent,  of  coconut  oil.  The  liquid  is  mixed  and 
filtered,  the  Reichert-Wollny  value  being  determined  on 

N 
the  filtrate  by  titration  with  r^  alkali. 

The  condenser,  cylinder,  and  receiver  are  next  washed 

with  18  c.c.  of  water,  the  washings  being  passed  through 

the  filter  paper,  and  the  insoluble  fatty  acids  remaining 

on  the  filter  dissolved  in  alcohol.     The  solution  obtained 

N 
is   titrated   with  barium   hydroxide   solution,   using 

phenol -phthalein  as  indicator,  the  number  of  c.c.  required 
being  termed  the  "  new  butter  value  "  of  the  fat. 
This  value  was  stated  by  Polenske  to  range,  for  pure 
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butters  having  Reichert-Meissl  values  of  23- 3-30*1,  from 
1- 5-3-0,  and  for  coconut  oils  having  Reichert-Meissl 
values  of  6-8-7-7,  from  16-8-17-8.  Mixtures  with 
Reichert-Meissl  values  between  23  and  27  gave  '*  new 
butter  values  *'  of  from  l'6-l-9,  a  rise  of  1-0  in  the 
Reichert-Meissl  figure  corresponding  with  an  increase 
of  0-1  in  the  "  new  butter  value,"  and  each  per  cent,  of 
coconut  oil  increasing  the  new  butter  value  by  0*  1  above 
that  given  by  a  genuine  butter  possessing  the  same 
Reichert-Meissl  value.  By  this  method  it  is  possible  to 
detect  the  presence  in  butter  of  10  per  cent,  and  upwards 
of  coconut  oil. 

A  process  similar  in  principle,  but  differing  in  method, 
has  been  proposed  by  Muentz  and  Coudon  (Ann.  d. 
Vlnsl.  Agron.,  1904,  iii.  Part  I.;  Analyst,  1905,  155). 
In  this,  10  grms.  of  the  fat,  melted  and  weighed  at  60**  C, 
are  placed  in  a  cylindrical  vessel,  and  saponified  by  first 
stirring  for  ten  minutes  with  5  c.c.  of  potassium  hydroxide 
solution,  containing  120  grms.  potassium  hydroxide  in 
100  CO.,  and  then  heating  to  70°-80®  for  twenty  minutes. 
The  saponified  fat  is  washed  into  a  distilling  flask  with 
200  c.c.  of  water,  gently  warmed  until  solution  is  complete 
and  the  fatty  acids  liberated  by  adding  30  c.c.  of  phos- 
phoric acid  (sp.  gr.  1*15),  any  carbon  dioxide  being 
removed  by  connecting  the  vessel  with  a  pump  for  ten 
minutes. 

The  volatile  fatty  acids  are  then  distilled  off  in  the 
apparatus  shown  in  Fig.  3,  and  to  obtain  comparable 
results,  strict  adherence  to  the  form  and  dimensions 
given  must  be  made.  Two  hundred  c.c.  are  distilled, 
the  heat  being  regulated  so  that  this  takes  about  one  and 
a  half  hours,  and  the  distillate  is  allowed  to  stand  until 
the  following  day,   when  it  is  filtered  through  a  wet 
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paper,  the  flask  washed  with  5  c.c.  of  water,  which  is 
also  passed  through  the  paper,  and  the  soluble  fatty 
acids  titrated  with  standardised  lime-water,  with  phenol- 
phthalein  as  indicator. 

The  filter  is  now  washed  with  four  successive  quantities 
of  5  c.c.  of  alcohol,  poured  on  drop  by  drop,  and  the 


Fig.  3. 

washings  collected  in  the  receiver  originally  used.  The 
condenser  is  next  rinsed,  first  with  20  c.c.  of  alcohol, 
which  should  fill  the  tube  when  closed  at  its  lower  end, 
and  a  second  time  with  5  c.c.  of  alcohol,  these  washings 
being  added  to  the  remainder,  and  the  whole  titrated 
with  the  standard  lime-water. 

The  results  of  both  titrations  are  expressed  as  butjrric 

acid,  and  the  ratio  — pri ^j—  X  100  for  pure  butter 
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should  lie  between  10  and  15,  whilst  for  coconut  oil  it  is 
250-280.  For  butter  containing  10  per  cent,  of  coconut 
oil  the  figure  is  19-8,  and  15  per  cent,  coconut  oil  24-1; 
for  20  per  cent,  coconut  oil  27,  and  for  50  per  cent, 
coconut  oil  73-1.  It  is  claimed  that  by  this  process  the 
presence  in  butter  of  as  little  as  5  per  cent,  of  coconut 
oil  can  be  detected  with  certainty. 

Two  methods  have  been  proposed,  based  on  the  preci- 
pitation of  insoluble  silver  caprylate  :  (1)  by  Kirschner 
(Zeit.  Untersuch.  Nahr.  Genussm.,  1905,  ix.  65-70),  and 
(2)  by  Wijsman  and  Reijst  (Zeit.  UntersvLch.  Nahr. 
Genussm.,  1906,  xi.  267-271). 

In  the  former  process,  5  grms.  of  the  fat  are  treated 

by  the  before-mentioned  Reichert-Meissl-WoUny  process 

so  far  as  neutralising  100  c.c.  of  the  filtered  distillate 

N 
with   Y(\  barium   hydroxide  solution.     Half  a  gram   of 

silver  sulphate  is  then  added  to  the  neutral  solution, 

which  is  frequently  shaken  for  one  hour,  and  filtered, 

and  100  c.c.  of  the  filtrate  are  transferred  to  a  distilling 

flask.     To  this  liquid  are  now  added  35  c.c.  of  dilute 

sulphuric  acid  (2\  per  cent.)  and  a  few  fragments  of 

pumice,  and  the  whole  distilled  until  110  c.c.  of  distillate 

have  been  obtained.     This  is  filtered,  and  100  c.c.  titrated 

N 
with         barium  hydrate  solution,  the  number  of  c.c. 

required,  calculated  back  to  the  5  grms.,  giving  what 
is  termed  the  *'  second  titration  value." 

According  to  Kirschner,  the  percentage  of  butter  fat 
in  a  mixture  of  butter  and  coconut  oil  may  be  calculated 
from  the  formula  : — Percentage  of  butter  fat  =  4*319  S 
--  0*456  R  —  2-15,  where  S  =  the  second  titration  value, 
and  R  =  the  Reichert-Meissl  figure.     A  similar  formula 
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is  given  for  the  percentage  of  coconut  oil,  which  =  7'42  R 

—  8116  S  —  3-57.  Wijsman  and  Reijst's  method,  or  the 
*' silver  inilve''  method,  is  carried  out  by  treating  with 
silver  nitrate  (1)  the  Reichert-Wollny  distillate;  and  (2) 
250  c.c.  filtered  from  300  c.c.  of  distillate  obtained  from 
a  further  5  grms.  of  fat,  this  being  saponified,  treated 
with  acid,  and  100  c.e.  distilled  off  in  the  usual  way, 
after  which  100  c.c.  more  water  are  added  from  a  tap 
funnel,  and  another  100  c.c.  distillate  collected,  this  being 
once  more  repeated. 

In  both  cases  the  filtered  solutions  are  neutralised  with 

N  N 

—  alkali,  and  40  c.c.  of  y^  silver-nitrate  solution  added, 

the  precipitated  silver  salt  collected  on  a  filter  and  washed 

until  about  200  to  300  c.c.  of  filtrate  have  been  collected, 

N 
after  which  50  c.c.  of  y^  sodium-chloride  solution  are  added 

N 
and  the  excess  of  chloride  titrated  back  with  ^-r  silver- 
nitrate    solution,    potassium    chromate    being    used    as 
indicator. 

Eleven-tenths  of  the  number  of  c.c.  required  in  the 
first  case,  and  six-fifths  of  that  used  in  the  second, 
give  what  are  termed  the- first  and  second  '*  silver 
values." 

In  the  case  of  pure  butter  all  the  caprylic  acid  should 
distil  over  in  the  first  110  c.c,  so  that  the  "  second  silver 
value  "  should  not  exceed  the  first,  but  with  coconut  oil 
the  distillation  of  caprylic  acid  continues  with  the  second 
and  third  100  c.c.  of  distillate,  so  that  the  second  silver 
value  is  greater  than  the  first.  The  process  has  been 
adversely  criticised  by  Jean  {Ann.  de  Chim.  Anal.,  1906, 
ii.  121-124). 
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A  useful  qualitative  test  for  the  detection  of  even  small 
quantities  of  coconut  oil  in  butter  is  that  due  to  Hinks 
(Analyst,  1907,  160).  In  this,  5  c.c.  of  the  melted  and 
filtered  fat  are  dissolved  in  10  c.c.  of  ether,  and  cooled 
to  0°  C.  for  thirty  minutes.  The  solidified  glycerides  are 
then  rapidly  filtered  off,  the  filtrate  evaporated,  and  the 
residue  re-dissolved  in  three  to  four  times  its  volume  of 
boiling  96  to  97  per  cent,  alcohol.  This  is  allowed  to  cool 
to  the  ordinary  temperature,  and  then  placed  in  a  water- 
bath  at  5°  C,  at  which  temperature  it  is  kept  for  fifteen 
minutes.  The  alcoholic  layer  is  filtered  off  into  a  tube 
cooled  to  0®  C,  and  the  flocculent  precipitate,  which 
soon  separates,  is  examined  microscopically  with  a  mag- 
nification of  250-300.  Butter  treated  in  this  manner 
deposits  round,  granular  masses,  whereas  coconut  oil 
gives  fine  needle-shaped  crystals.  As  little  as  5  per  cent, 
of  coconut  oil  may  be  detected  by  this  process. 

Ross  {Analyst,  1908,  457)  has  attempted  to  make  this 
process  quantitative  by  determining  the  refraction  of  the 
residues  obtained,  but  without  success. 

Palm  oil  in  butter  may  be  detected  by  the  Liebermann- 
S torch  reaction  for  resin.  Ten  c.c.  of  the  filtered  fat  are 
dissolved  in  10  c.c.  of  acetic  anhydride,  and  one  drop 
of  sulphuric  acid  (sp.  gr.  1*53)  added.  The  mixture  is 
shaken,  and,  on  standing,  a  blue  liquid,  having  a  greenish 
tint,  separates,  if  palm  oil  is  present. 

Shrewsbury  and  Knapp  (Analyst,  1910,  xxxv.  385)  have 
based  a  method  of  estimating  coconut  oil  upon  the  fact 
that  lauric  acid,  the  predominating  fatty  acid  in  that 
fat,  is  readily  soluble  in  dilute  alcohol  and  may  be  deter- 
mined by  titrating  the  solution.  Using  a  mixture  of 
methylated  alcohol  of  sp.  gr.  0-822  with  36  c.c.  of  water, 
and  titrating  70  c.c.  of  the  alcoholic  filtrate  of  the  fatty 


METHODS  OF  ANALYSIS  156 

N 
acids  with  y^r  sodium  hydroxide,  they  found  that  coco- 
nut oil  gave  a  value  of  163,  whilst  butter  fat  gave  results 
ranging  from  23-6  to  31-2,  and  a  mixture  of  butter  with 
15  per  cent,  of  coconut  oil  a  value  of  38-0  c.c. 

Another  method,  depending  upon  temperature  at  which 
the  barium  salts  show  a  turbidity  in  alcoholic  solution, 
has  been  devised  by  Burnett  and  Revis  {Analyst,  1913, 
xxxviii.    255).     The    Polenske    value   is    determined    as 

N 
described   above,    with    the   difference   that   y^   baryta 

solution  is  used  for  the  titration.  The  insoluble  barium 
salts  are  washed  with  93  per  cent,  alcohol  and  dissolved 
in  boiling  alcohol  (10  times  the  quantity  of  the  Polenske 
value),  the  flask  being  heated  beneath  a  reflux  condenser. 
The  solution  is  then  stirred  in  a  test-tube,  and  the 
temperature  at  which  it  becomes  turbid  is  noted. 

In  the  case  of  coconut  oil  a  turbidity  temperature  of 
52*5®  C.  was  observed,  with  palm-kernel  oil  58-5°  C. 
Cohune-nut  oil  showed  a  similar  result  to  that  given  by 
coconut  oil. 

Soluble    and    Insoluble    Fatty    Acids  — the     Hehner 

Value. — A  weighed  quantity  of  about   5  grms.   of  the 

filtered  butter  fat  is  introduced  into  a  strong  6-oz.  bottle, 

N 
and    50   c.c.    of   approximately   —    alcoholic    potassium 

hydroxide  solution  added,  another  50  c.c.  being  also 
placed  in  an  empty  flask.  The  bottle  is  fitted  with  an 
india-rubber  stopper,  which  is  secured  by  wire,  and  is 
placed  in  a  water-bath,  being  occasionally  removed,  and 
well  agitated  without  bringing  the  liquid  in  contact  with 
the  stopper.  After  about  thirty  minutes,  saponification 
is  complete  (this  being  shown  by  the  contents  of  the 
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bottle  being  free  from  oily  globules),  and  the  bottle  is 

withdrawn  and  allowed  to  cool.     The  stopper  is  then 

removed,  and  the  contents  of  the  bottle  transferred,  by 

rinsing  with  boiling  water,  into  a  10-oz.  flask,  which  is 

placed,  together  with  the  flask  containing  only  alcoholic 

potassium  hydroxide  solution,  on  a  steam-bath. 

As  soon  as  all  the  alcohol  has  evaporated  the  contents 

N 
of  each  flask  are  neutralised  with  ^  hydrochloric  acid, 

an  excess  of  about  1  c.c.  of  acid  being  added,  and  a  note 
made  of  the  quantity  used.  The  flask  containing  the 
butter  fat  is  nearly  filled  with  boiling  water,  and  placed 
on  the  water-bath,  a  cork  with  a  long  upright  tube  being 
inserted.  When  the  fatty  acids  have  melted  to  a  clear 
liquid  on  the  surface  of  the  water,  the  flask  is  removed 
and  its  contents  allowed  to  become  perfectly  cold,  when 
the  fatty  acids  should  solidify.  By  gently  tapping  the 
sides  of  the  flask  this  cake  is  detached,  and  the  liquid  is 
poured  through  a  filter  into  a  large  flask.  This  liquid 
should  have  a  distinct  odour  of  butyric  acid,  especially 
on  warming. 

The  flask  containing  the  insoluble  fatty  acids  is  again 
filled  with  boiling  water,  the  cork  and  reflux  tube  in- 
serted, and  the  liquid  gently  heated  to  the  boiling  point, 
after  which  the  flask  is  removed  and  thoroughly  shaken 
until  the  melted  fatty  acids  are  emulsified  with  the  water. 
The  fatty  acids  are  now  allowed  to  separate  again  on  the 
surface,  solidified  by  cooling,  detached  by  gently  tapping, 
and  the  liquid  filtered  off  as  before.  The  process  is 
repeated  three  times,  or  until  the  washings  collected 

N 
separately  do  not  require  more  than  0-2  c.c.  of  jrr  sodium 

hydroxide  solution  for  neutralisation. 
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The  mixed  washings  are  next  diluted  to  one  litre  or 

other  convenient  volume,  and  an  aliquot  part  titrated 

N 
with  —  sodium  hydroxide  solution,  the  number  of  c.c. 

required  being  calculated  upon  the  whole  liquid.  This 
amount  of  alkali  is  that  required  to  neutralise  the  excess 
of  acid  added  after  saponification,  together  with  the 
soluble  fatty  acids,  and  the  former  may  be  known  by 
titrating  the  excess  in  the  blank  experiment,  so  that  the 
difference  between  these  two  titrations  gives  the  alkali 
absorbed  by  the  volatile  fatty  acids.  These  are  usually 
expressed  as  butyric  acid,  C3H7COOH,  the  percentage  of 
which  may  be  found  by  multiplying  the  number  of  c.c. 
of  alkali  solution  required  to  neutralise  the  soluble  fatty 
acids  by  0-0088  and  by  100,  and  dividing  by  the  weight 
of  fat  taken. 

The  Insoluble  Fatty  Acids  are  determined  by  allowing 
the  flask  containing  the  solid  cake  to  drain  as  completely 
as  possible,  melting  the  fatty  acids,  and  pouring  them 
on  to  the  wet  filter  through  which  the  solution  of  soluble 
fatty  acids  was  passed.  They  are  then  washed  on  the 
filter  with  boiling  water,  and  the  funnel  filter  transferred 
to  a  small  beaker  and  placed  in  the  water-bath  until  all 
the  fatty  acids  have  filtered  through.  Flask,  funnel,  and 
filter  paper  are  well  washed  with  ether,  the  washings 
added  to  the  filtered  fatty  acids,  and  the  ether  evaporated. 
The  fatty  acids  are  then  dried  in  the  oven  at  100**  C. 
until  constant  in  weight,  and  from  the  weight  obtained 
the  percentage  of  insoluble  fatty  acids  is  calculated  on 
the  weight  of  butter  fat  taken.  This  is  known  as  the 
Hehner  value. 

Butter  should  contain  at  least  5  per  cent,  of  soluble 
fatty    acids    calculated    as    butyric    acid,    and    the    in- 
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soluble  fatty  acids  should  not  exceed  89*5,  rarely  88- 5 
per  cent. 

The  following  table  contains  results  obtained  by  Thorpe 
(Joum.  Chem.  Soc.,  1904,  254)  with  357  samples  of  British 
butters  : — 


Number 

of 
Samples. 

Relchert- 
MeisBl- 
Wollny 

Number. 

Specific 
Gravity 

at 
37-8°  C. 
SIS'  0. 

Saponi- 
fication 
Equiva- 

RefnuAo- 
roeter 

Number 

at 
45"  C. 

Soluble 

Acids 

per  cent. 

on  Fat. 

Insoluble 

Acids 
per  cent, 
on  Fat. 

IfMO 

Molecular 

Weight  of 

Insoluble 

Acids. 

7 

22-5 

0-9101 

255-4 

42-0 

4-3 

90-1 

266-9 

17 

23-5 

0-9104 

263-4 

41-5 

4-5 

89-7 

265-5 

15 

24-5 

0-9108 

251-3 

41-5 

4-7 

89-4 

2660 

27 

25-5 

0-9110 

251-1 

41-3 

4-8 

89-3 

264-2 

37 

26-5 

0-9113 

248-9 

41-0 

4-9 

88-9 

261-9 

51 

27-5 

0-9114 

247-4 

40-6 

5-2 

88-7 

261-7 

78 

28-8 

0-9118 

245-7 

40-1 

6-4 

88-4 

260-9 

56 

29-5 

0-9120 

244-0 

40-1 

6-6 

88-3 

269-6 

41 

30-5 

0-9123 

242-4 

39-9 

6-8 

87-9 

2601 

18 

31-3 

0-9125 

241-5 

39-7 

5-7 

87-9 

258-0 

10 

320 

9-9130 

241-2 

39-4 

6-0 

87-7 

257-8 

357 

Casein  (Curd). — This  may  be  estimated  by  transferring 
the  dry  butter  used  in  determining  the  water  to  a  dry 
filter  of  known  weight,  washing  it  thoroughly  with  ether 
or  petroleum  spirit  until  free  from  fat,  and  weighing  the 
filter  after  drying  at  100°  C.  The  residue  includes  casein 
and  salt,  and  the  latter  may  be  determined  as  described 
below,  and  subtracted  from  the  total  residue. 

The  amount  of  casein  does  not  usually  exceed  1  to  2 
per  cent.,  but  cases  are  recorded  when  adulteration  with 
casein  has  been  practised,  and  as  much  as  5  to  6  per  cent, 
found. 

Salt. — For  most  practical  purposes,  the  ash  remaining 
after  burning  either  the  dried  butter,  or  the  residue  in- 
soluble in  ether,  may  be  taken  as  salt  (sodium  chloride). 
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If  desired,  the  sodium  chloride  may  be  estimated  by 
extracting  the  butter  with  10  to  20  c.c.  of  hot  water 
in  a  separating  funnel,  separating  the  aqueous  layer, 
repeating  this  about  ten  to  fifteen  times,  and  titrating 
the  aqueous  washings  with  standard  silver  nitrate  solution, 
using  potassium  chromate  as  indicator. 

The  proportion  of  salt  may  vary  from  0*5  for  a  fresh 
butter  up  to  11  per  cent,  for  a  salt  butter,  but  should  not 
go  beyond  the  latter  limit  (see  also  p.  62). 

Colouring  Matters. — ^The  natural  colouring  matter  of 
butter,  which  is  termed  "  lactochrome,'*  is  insoluble  in 
alcohol  or  glacial  acetic  acid,  so  that  if  on  shaking  the 
sample  with  either  of  these  re-agents  a  coloured  extract 
is  obtained,  artificial  colouring  matter  has  undoubtedly 
been  added. 

Two  general  schemes  have  been  devised  for  the 
detection  of  artificial  colouring  matters  in  butter  or 
margarine  :  (1)  devised  by  Leeds  (Analyst,  1887,  150), 
in  which  the  fat  and  coloming  matter  are  first  ex- 
tracted with  petroleum  ether,  and  the  colouring  matter 

N 
dissolved  out  of  the  ethereal  extract  with  j^  potassium 

hydroxide,  and  reprecipitated  with  dilute  hydrochloric 
acid;  and  (2)  that  devised  by  Cornelison  (Journ.  Amer. 
Chem.  Soc.,  1908,  1478),  who  extracts  the  colouring 
matter  directly  by  means  of  glacial  acetic  acid. 

Leeds's  process  is  carried  out  by  mixing  100  grms.  of 
the  sample  with  300  c.c.  light  petroleum  spirit  (sp.  gr. 
0*638),  separating  the  ethereal  layer  by  means  of  a 
separating  funnel,  and  washing  it  with  100  c.c.  of  water 
in  successive  small  quantities.  The  ethereal  extract  is 
allowed  to  stand  for  fifteen  to  twenty  hours  surrounded 
by  ice,  and  is  then  decanted  fiom  any  separated  "  stearin  '* 
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Colouring  Matter. 

CJonccntrated 

Sulpbaric 

Acid. 

Concentrated 
Nitric  Acid. 

Sulphuric  Acid 

and 

Nitric  Acid. 

Concentrated 

Hydroctjloric 

Acid. 

Annatto 

Indigo    blue 

Blue  becoming 

Same. 

No  change,  or 

changing    to 

colourless  on 

only      slight 

violet. 

standing. 

dirty    yellow 
and  brown. 

Annatto  and  decol- 

Blue becom- 

Blue    through 

Decolorised. 

No  change,  or 

orised  butter. 

ing      green 

green     and 

only      slight 

and  slowly 

bleached. 

dirty  yellow. 

changing    to 

violet. 

Turmeric 

Pure  violet. 

Violet. 

Violet.              Violet     chang- 

ing   to    orig- 

inal     colour 

on    evapora- 
tion of  Ha. 

Turmeric  and  decol- 

Violet       to 

Violet  to   red- 

Same. 

Very       fine 

violet. 

orised  butter. 

purple. 

dish  violet. 

Saffron  . 

Violet        to 

Light    blue 

Same. 

Yellow  chang- 

cobalt-blue 

changing    to 

inc  to  dirty 
yellow. 

changing 
to    reddish 

light  reddish 

brown. 

brown. 

Saffron  and  decolor- 

Dark     blue 

Blue     through 

Blue  quickly 

Yellow  becom- 

ised  butter. 

chan  g  ing 

green      to 
brown. 

changing 

ing     dirty 

quickly    to 

to  purple. 

yellow. 

reddish 

brown. 

Carrotin 

Umber  brown. 

Decolorised. 

Ditto   with 
NOj  fumes 
and   odour 
of  burnt 

No  change. 

Carrotin  and  decol- 

Reddish brown 

Yellow    and 

sugar. 
Same. 

Slightly  brown. 

orised  butter. 

to   purple!    decolorised, 
similar  to; 
turmeric.         j 

Marigold 

Dark    olive  Blue  changing 

Green. 

Green  to   yel- 

green.     P*'r-      instantly    to 

lowish  green. 

maneni.               dirty    yellow 

Safflower 

fireen. 
Light  brown.     Partially      de- 
1     colorised. 

Decolorised. 

No  change. 

Aniline  yellow 

Yellow.                Yellow. 

Yellow. 

Yellow. 

Martius'  yellow 

Pale  yellow.         Yellow  reddish   Yc»llow. 

Yellow     preci- 

precipitate, 

pitate  treated 

magenta  at 

with  NH,  de- 

margin.                                   1    flagratcs.         | 

Victoria  yellow 

Partially      de-  Same.                  Same. 

Samo  coloar 

colorised.                                    | 

returns  on 

neutralising 

wilhNH,. 
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N 
and  shaken  with  50  c.c.  of  ^  potassium  hydroxide  solu- 
tion. The  alkaline  extract  is  separated,  made  faintly 
acid  with  dilute  hydrochloric  acid,  and  the  precipitated 
colouring  matter  filtered  off,  together  with  a  trace  of 
fatty  acid,  which  is  always  dissolved  out  by  the  alkali. 
The  colouring  matter  may  then  be  identified  by  the  tests 
given  above. 

In  Cornelison's  method  10  grms.  of  the  melted  fat  are 
thoroughly  shaken  with  10  to  20  grms.  of  glacial  acetic 
acid,  at  about  35°  C,  the  mixture  allowed  to  separate, 
and  the  acid  liquid  drawn  off.  The  colom*  of  the  latter 
is  noted,  and  portions  are  treated  with  various  re -agents 
to  identify  the  colom-ing  matter.  The  table  on  p.  162  gives 
the  results  obtained  with  the  colouring  matters  men- 
tioned, incorporated  with  pure  butter  in  the  proportion 
of  1  part  in  100,000. 


Preservatives  (see  p.  67) 

Boron  Compounds. — The  presence  of  these  may  be 
detected  by  thoroughly  mixing  some  of  the  butter  with 
excess  of  water  in  a  mortar,  poiu-ing  off  the  water,  acidi- 
fying with  a  drop  of  dilute  hydiochloric  acid,  and  moisten- 
ing a  piece  of  turmeric  paper  with  the  solution.  The 
paper  is  then  dried  in  the  oven,  when,  if  boron  compounds 
are  present,  the  paper  develops  a  reddish  pink  tint, 
changing  to  dark  blue  when  moistened  with  weak  alkali. 

The    amount    of    boron    compound    may    be    readily 

estimated  by  Richmond  and  Harrison's  modification  of 

Thomson's   process.     Twenty-five   grams  of  the   sample 

are  weighed  into  a  100  c.c.  stoppered  cylinder,  and,  after 

determination  of  the  moisture  present,  sufficient  water 
11 
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is  added  to  bring  the  total  volume  of  water  up  to  such 
a  quantity  that  1  c.c.  corresponds  to  1  grm.  of  butter. 


Dye. 


(Pure  natural  butter) 
Soudan  I.  (pure) 


Butter   yellow    (im- 
pure). 

Cerasine   orange    G. 
(Casella). 


Yellow  O.B.  (Haller 
and  Merz). 


Yellow  A.B.  (Heller 
and  Merz). 

Annatto 

Curcumine 

Carrotin 


"  Aldemey  butter 
colour"  (Heller 
and  Mer/). 

Ran  son' 8  butter 
colour  ("vege- 
table"). 

"  Dandelion  brand  " 
butter  colour 
("  vegetable  "). 


Colour  of 
Acid  Extract. 


Colourless. 
Decided  pink. 


Very     faint 
pink. 

Strong    green- 
ish yellow. 


Decided  bright 
yellow. 


Slight  warm 
ochre-yellow. 

Dull  yellow. 

Intense  green- 
ish yellow. 

Very  faint 
greenish  yel- 
low. 

Brownish  yel- 
low. 


Yellow. 


Yellow. 


Concentrated 
Nitric  Acid. 


Concentrated 
Salpliuric  Acid. 


Sulphuric  Acid 
and  Ether  to 
Clear  Solation. 


Colourless.  Faint  pink   on  |  Colourless. 

!     standing. 
Strong  pink.        Strong  clear  Pink, 
pink. 

Faint  pink.        !  Faint  pink.         Faint  colour. 


Acid      yellow ;  A  s         with   Brownish  yel 


oil  -  globule, 
salmon-pink.  ' 


HNO, 


Acid     faint  As         with 
pink;    oil-      HNO,. 
globule,    sal- 
mon-pink. 

Pink ;   fat   col-   B  r  o  w  n  i  s  h 
ourless.  pink;     oil 

faint  pink. 
Little  change.     Faint   pink  on 

I     standing. 
Dull   ochre-  Strong  pink. 

yellow. 
Faint  yellow.      Faint  pink  on 
standing. 


Strong  pink.      I  Strong  pink. 


Almost    decol- 
orised. 


Almost    decol- 
orised. 


As      with 
HNO,. 

As      with 
HNO,. 


low. 


Pink. 


Pink, 


Very  faint 

yellow. 
Yellow. 

Very  faint 
yellowish. 


From  10  to  15  c.c.  of  chloroform  are  now  introduced, 
and  the  contents  of  the  flask  heated,  shaken,  and  allowed 
to  separate.  An  aliquot  portion  of  the  aqueous  liquid 
is  then  removed  by  means  of  a  pipette,  evaporated  to 
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di'3^ess,  ignited,   and  the  residue  extracted   with   hot 

water.    The  extract  is  made  neutral  to  methyl  orange, 

boiled  to  expel  carbon  dioxide,  half  its  volume  of  neutral 

N 
glycerin  added,  and  the  mixture  titrated  with  ^sodium 

hydroxide  solution  until  pink  to  phenol -phthalein.     Each 

N 
c.c.  of  jt:  sodium  hydioxide  solution  is  equivalent  to 

0*0062  grms.  of  boric  acid. 

Another  method,  devised  by  Richmond  and  Harrison 

(Analyst,   1902,   181),  is  to  weigh  out  25  grms.  of  the 

sample  in  a  beaker,  add  25  c.c.  of  a  solution  containing 

N 
6  grms.  of  milk  sugar  and  4  c.c.  of   ,-  sulphuric  acid,  in 

100  c.c.  of  water.     The  beaker  is  placed  in  a  water -oven 

until  the  fat  has  just  melted,  and  the  contents  are  then 

stirred  well,  allowed  to  separate,  and   20  c.c.   of    the 

aqueous   liquor    withdrawn.     A   few   drops    of   phenol- 

phthalein    are    added,    and    the    liquid   heated    to   the 

N 
boiling  point,  and  titrated  with    ^    sodium   hydroxide 

solution  until  faintly  pink,  after  which  12  c.c.  of  glycerin 

N 
are  added,  and  more  -^  sodium  hydroxide  solution  run 

in  until  a  faint  pink  colour  is  again  obtained.  The  amount 
of  alkali  required  in  the  second  titration,  less  the  alkali 
required  to  neutralise  12  c.c.  of  the  glycerin,  multiplied 
by  0-0368,  gives  the  amount  of  boric  acid  in  20  c.c.  of 
the  aqueous  extract,  and  the  percentage  may  be  calcu- 
lated by  mtdtiplying  by  (100  +  percentage  of  water  in 
the  butter),  and  dividing  by  20.     In  an  average  butter 

N 
the  number  of  c.c.  of  ^  sodium  hydroxide  solution  used, 
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multiplied  by  0-2,  approximates  closely  to  the  percentage 
of  boric  acid. 

The  best  method  of  testing  for  benzoic  acid,  salicylic 
acid,  fluorides,  and  /5-naphthol  is  to  extract  the  melted 
butter  with  a  dilute  solution  of  sodium  bicarbonate,  and 
to  examine  this  extract  for  the  various  preservatives. 

Thus,  in  testing  for  benzoic  and  salicylic  acids,  the 
alkaline  extract  is  exactly  neutralised  with  dilute  hydro- 
chloric acid,  and  a  solution  of  ferric  chloride  added.  If 
benzoic  acid  or  a  bcnzoate  has  been  added,  a  buff -coloured 
precipitate  will  be  immediately  thrown  down,  and  if 
salicylic  acid  has  been  employed,  an  intense  violet  colora- 
tion will  be  produced. 

Numerous  methods  have  been  suggested  for  detecting 
even  very  minute  admixtures  of  benzoic  acid  or  benzoates, 
among  which  may  be  mentioned  those  of  Halphen 
(Journ.  Pharm.  Chim.,  1908,  201)  and  Robin  (Ann.  de 
Chim.  Anal  Appl,  1908,  431). 

Halphen's  test  depends  on  the  conversion  of  the 
benzoic  acid  into  ammonium  diamino-benzoate,  which, 
in  alkaline  solution,  has  a  brown-red  colour.  A  quantity 
of  the  butter  is  melted  with  sufficient  lime-water  to 
render  the  aqueous  liquor  which  separates  distinctly 
alkaline.  After  cooling,  the  latter  is  separated,  acidified 
with  phosphoric  acid,  and  extracted  with  ether.  The 
ether  is  allowed  to  evaporate  spontaneously,  and  the 
residue  dried  at  the  ordinary  temperature,  after  which 
it  is  gently  heated  with  2  c.c.  of  concentrated  sulphuric 
acid  until  completely  dissolved.  An  addition  of  0*2  c.c. 
of  fuming  nitric  acid  is  now  made,  and  the  solution 
translerred  to  a  dry  test-tube  and  heated  carefully  over 
a  small  flame  until  sulphuric-acid  fumes  appear.  After 
cooling,  the  mixture  is  diluted  with  5  or  G  c.c.  of  water, 
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which  causes  nitrous  fumes  to  be  evolved.  When  again 
cold,  a  saturated  solution  of  sodium  sulphite  is  added 
drop  by  drop  until  all  yellow  vapours  have  disappeared. 
Ammonia  is  then  allowed  to  flow  over  the  surface  of 
the  solution,  and  if  benzoic  acid  is  present,  an  orange- 
red  coloration  is  produced,  the  intensity  of  which  is 
proportional  to  the  quantity  of  benzoic  acid.  In  case 
no  coloration  is  produced,  the  absence  of  benzoic  acid 
may  be  confirmed  by  adding  a  drop  of  ammonium 
sulphide  to  the  ammoniacal  solution,  when,  if  benzoic 
acid  is  present,  a  red  coloration  develops  at  the  point 
of  contact  of  the  two  liquids. 

By  Robin's  process  it  is  claimed  that  as  little  as  twelve 
parts  per  100,000  of  sodium  benzoate  may  be  detected 
with  certainty.  The  test  is  carried  out  by  shaking 
25  grms.  of  the  melted  butter  with  a  solution  of  0-4  to 
0*5  grm.  of  sodium  bicarbonate  in  50  c.c.  of  water,  and 
15  c.c.  of  95  per  cent,  alcohol,  and  allowing  the  mixture 
to  stand  for  ten  minutes,  after  which  the  alcoholic  layer 
is  drawn  off,  acidified  with  7  or  8  drops  of  hycbochloric 
acid,  and  heated  to  the  boiling  point.  It  is  then  shaken 
with  a  little  talc,  and  filtered,  the  cold  filtrate  extracted 
in  a  separating  funnel  with  40  c.c.  of  ether,  and  the 
ethereal  extract  washed  once  with  a  mixture  of  20  c.c. 
of  water,  5  c.c.  of  95  per  cent,  alcohol,  and  0-2  to  0-3  grm. 
of  sodium  bicarbonate.  The  alkaline  alcoholic  extract 
is  evaporated  on  the  water -bath,  and  the  residue  care- 
fully warmed  with  a  mixture  of  5  c.c.  of  concentrated 
sulphuric  acid  and  10  drops  of  fuming  nitric  acid,  until 
wliite  fumes  appear,  after  which  the  liquid  is  poured 
into  50  c.c.  of  water  containing  a  small  piece  of  tur- 
meric paper.  A  yellow  coloration  indicates  the  presence 
of    benzoic    acid,  which  may  be   confirmed    by  adding 
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ammonia  solution  until  alkaline,  then  a  few  drops  of 
ammonium  sulphide  solution,  and  shaking  the  vessel.  In 
the  presence  of  benzoic  acid  the  colour  changes  from 
yellow  to  reddish  orange. 

Fluorides. — The  presence  of  these  may  be  detected  in 
the  absence  of  boric  acid  by  evaporating  a  small  quantity 
of  the  alkaline  extract  to  dryness  in  a  platinum  crucible, 
igniting  the  residue,  moistening  it  with  a  few  drops  of 
concentrated  sulphuric  acid,  and  covering  the  mouth  of 
the  crucible  with  a  piece  of  glass,  coated  with  paraffin 
wax,  through  which  some  marks  have  been  scratched. 

Fluorides  may  also  be  detected  by  applying  the  above 
process  to  the  aqueous  liquid,  which  separates  when  a 
sample  of  the  butter  is  melted. 

If  boric  acid  is  present,  the  fluoride  is  liable  to  be  lost 
by  volatilisation  as  boron  fluoride.  It  is  necessary, 
therefore,  to  separate  the  borate  as  calcium  borate,  by 
rendering  the  liquid  alkaline  with  lime-water,  evaporating 
it  to  dryness,  and  extracting  the  residue  with  dilute 
acetic  acid,  which  dissolves  calcium  borate.  The  insolu- 
ble matter  is  then  dried,  and  treated  with  concentrated 
sulphuric  acid  as  described  above. 

Marqabine,  Vegetable  Butter,  or  other 
Butter  Substitutes 

The  analysis  of  these  is  a  matter  requiring  a  consider- 
able amount  of  skill,  and  even  when  the  analysis  is 
made,  very  long  experience  is  necessary  before  a  right 
interpretation  can  be  put  upon  the  chemical  and  physical 
data  obtained. 

The  only  requirements  for  margarine  under  the  Sale 
of  Food  and  Drugs  Act,  1899,  are  that  the  sample  shall 
not  contain  more  than  16  per  cent,  water  or  more  than 
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10  per   cent,   of  butter.     The   same  restrictions  as  to 
preservatives  apply  to  this  as  to  genuine  butter. 

The  amount  of  water  is  readily  determined  by  the 
method  given  under  "  Butter  "  (p.  144).  The  method 
officially  adopted  by  the  Committee  of  the  Society  of 
Public  Analysts  for  the  estimation  of  butter  is  the 
Reichert-Meissl-Wollny  process  (p.  146),  the  maximum 
pt^rmissible  limit  for  the  Reichert-Wollny  value  being  4, 
and  a  Reichert-Wollny  value  of  7*1  being  regarded  as 
indicative  of  the  presence  of  20  per  cent,  butter  fat. 

In  addition  to  the  analysis  of  margarine  to  ensure 
compliance  with  these  standards,  it  is  often  desirable  to 
endeavour  to  determine  the  precise  composition  of  a 
sample  of  artificial  butter,  such  as  the  relative  propor- 
tions of  animal  and  vegetable  fats,  and  the  particular 
fats  or  oils  of  which  they  consist.  It  is  here  where  only 
prolonged  experience  can  decide  what  tests  to  apply 
and  determine  the  correct  interpretation  to  put  upon 
the  results  obtained. 

In  an  exhaustive  analysis,  the  specific  gravity,  saponifi- 
cation value,  iodine  value,  titre,  and  Eeichert-WoUny- 
Polenske  figures  should  always  be  determined,  and  such 
qualitative  tests  as  Halphen's  for  cotton-seed,  Baudouin^s 
for  sesame  oil,  the  arachidic  acid  test  for  arachis  oil,  and 
the  Liebermann-Storch  test  for  palm  oil  applied. 

The  tests  for  colouring  matters  and  preservatives  are 
the  same  as  for  natural  butter. 

Lard 

In  addition  to  the  tests  mentioned  in  Chapter  VI, 
pp.  84  et  seq.j  Halphen's  test  for  cotton-seed  oil  and 
Baudouin's  test  for  sesame  oil  should  be  applied,  and, 
if  thought  desirable,  arachis  oil  may  be  tested  for  by  the 
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arachidic  acid  method.  The  presence  of  as  little  as  2  to 
3  per  cent,  cotton-seed  oil  may  be  detected  by  the  phyto- 
steryl  acetate  test  (see  p.  132),  and  the  addition  of  maize 
oil,  which  is  sometimes  used  for  adulterating  lard,  will 
also  be  shown  by  the  same  method. 

Preservatives  may  be  detected,  and,  if  present,  estimated 
as  described  under  "  Butter." 

Cheese 

The  composition  of  cheese  is  so  variable  that  it  is  to 
be  regretted  there  are  no  standards  to  which  it  should 
conform. 

The  proportion  of  fat  may  vary  from  20  per  cent,  or 
less  to  35  or  40  per  cent.,  or,  in  a  cream  cheese,  up  to 
75  per  cent.,  whilst  the  water  may  be  anything  between 
20  and  40  per  cent. 

The  analysis  of  cheese  should  include  determinations 
of  the  proportions  of  water,  ash,  fat,  and  nitrogen,  and 
an  examination  of  the  fatty  matter. 

Water. — This  may  be  determined  by  drying  a  weighed 
quantity  of  about  5  grms.  of  the  sample,  cut  in  thin 
slices,  in  the  oven  at  105°  C,  until  constant  in  weight. 

Ash. — The  dried  cheese,  as  obtained  in  the  above 
determination,  is  ignited  at  as  low  a  temperature  as 
possible,  and  the  residue  weighed  when  the  whole  of  the 
carbon  has  been  burned  away. 

Fat. — This  may  be  determined  approximately  b\ 
grinding  up  25  to  50  grms.  of  the  dried  cheese  with 
ignited  sand,  and  extracting  the  mixture  in  a  Soxhlet 
apparatus  with  ether  or  petroleum  spirit,  the  extract 
being  collected  in  a  weighed  carbonic-acid  flask,  from 
which  the  solvent  is  afterwards  distilled  off,  and  the 
residue  dried  in  the  oven  at  106°  C.  and  weighed. 
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A  better  method  is  that  of  Palmquist,  which  is  a  modi- 
fication of  the  llose -Gottlieb  process.  In  this,  about 
1  grm.  of  the  cheese  is  weighed  into  a  Gottlieb  tube, 
10  CO.  of  2*5  per  cent,  ammonia  solution  added,  and  the 
mixture  warmed  on  the  water -bath,  and  shaken  until  a 
milky  homogeneous  solution  is  obtained.  After  cooling, 
10  c.c.  alcohol  and  25  c.c  of  ether  are  added,  the  tube 
being  thoroughly  shaken  after  each  addition.  An  addi- 
tion of  25  c.c.  of  petroleum  spirit  is  then  made,  and  the 
tube,  after  being  again  well  shaken  and  inverted,  is 
allowed  to  stand  for  a  few  hours  for  its  contents  to 
separate,  after  which  the  ethereal  layer  is  siphoned  into 
a  weighed  flask.  A  second  extraction  of  the  mass  remain- 
ing in  the  tube  is  then  carried  out  in  an  exactly  similar 
manner,  the  ethereal  extract  being  again  siphoned  into 
the  weighed  flask,  the  solvent  distilled  off,  and  the  residue 
dried  in  the  oven  at  105°  C,  and  weighed. 

A  larger  quantity  of  the  fat  for  its  examination  may 
be  readily  prepared  by  cutting  up  a  quantity  of  the 
cheese,  wrapping  it  in  a  piece  of  muslin,  and  suspending  it 
over  a  basin  in  an  oven  at  105°  C.  The  clear  fat  collected 
should  then  be  examined,  and  its  Reichert-WoUny  value, 
which  should  be  similar  to  that  of  butter,  determined. 
If  the  Reichert-Meissl-WoUny  figiu-e  is  abnormal,  the  fat 
requires  further  systematic  examination  by  the  processes 
mentioned  under  "  Margarine  "  (p.  167),  to  detect  foreign 
fats. 

Nitrogen. — This  is  estimated  by  heating  1  to  2  grms.  of 
the  cheese  with  concentrated  sulphuric  acid  and  a  globule 
of  mercury,  as  in  the  well-known  Kjeldahl  process.  The 
proteins  may  be  calculated  by  multiplying  tlie  percentage 
of  nitrogen  by  6*3. 
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Chocolate 

No  standards  have  yet  been  legally  fixed  in  this  country 
for  any  of  the  various  forms  of  chocolate,  though  such 
standards  are  in  existence  on  the  Continent,  and  are 
urgently  needed  in  view  of  the  large  amount  of  adultera- 
tion practised  in  this  industry.  Not  only  is  the  natural 
fat  of  the  chocolate  replaced  by  other  fats,  such  as  coconut 
oil,  and  coconut  stearine,  or  palm-nut  stearine,  and  the 
chocolate  adulterated  with  excessive  husk  or  starch,  but 
products  are  sold  as  milk  or  cream  chocolate  which  have 
no  right  to  such  designations.  Hence  N.  P.  Booth 
presented  to  the  International  Congress  of  Applied 
Chemistry,  held  in  London  in  1912,  the  foUowing  pro- 
posed standards,  which  are  not  more  stringent  than 
those  adopted  by  some  continental  countries  and  by 
some  of  the  Colonies  : — 

1.  Unsweetened  Chocolate  must  be  prepared  exclusively 
from  roasted,  shelled,  finely  ground  cocoa-beans,  with  or 
without  the  addition  of  a  small  quantity  of  flavouring 
matter.  It  should  contain  not  less  than  46  per  cent,  of 
cacao  butter. 

2.  Sweetened  Chocolate. — A  preparation  consisting  ex- 
clusively of  the  products  of  roasted,  shelled,  finely  groimd 
cocoa-beans,  and  not  more  than  65  jx'r  cent,  of  sugar, 
with  or  without  a  small  quantity  of  harmless  flavouring 
matter. 

:i.  Granulated  or  Ground  Chocolate  for  Drinking  Pur- 
jiose.s. — The  same  definition  as  for  sweetened  chocolate 
bliould  apply  hero,  except  that  the  proportion  of  sugar 
may  be  raised  to  not  more  than  75  per  cent. 

4.  Chocolate'Covered    Goods. — Various    forms    of    con- 
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fectionery  covered  with  chocolate,  the  composition  of  the 
latter  agreeing  with  the  definition  of  a  sweetened  chocolate. 
5.  Milk  Cliocolaie. — A  preparation  composed  exclusively 
of  roasted,  shelled  cocoa-beans,  sugar,  and  not  less  than 
15  per  cent,  of  the  dry  solids  of  full-cream  milk,  with  or 
without  a  small  quantity  of  harmless  flavouring  matter. 

The  analysis  of  chocolate  should  comprise  determina- 
tions of  the  moisture,  ash,  fat,  fibre,  total  nitrogen,  and 
sugar,  and  an  examination  of  the  nature  of  the  fatty 
matter  and  sugar. 

In  the  case  of  milk  chocolate,  or  cream  chocolate,  the 
fatty  matter  should  contain  both  cacao  butter  and  butter 
fat,  and  the  sugar  should  contain  lactose. 

The  analysis  is  carried  out  as  follows  : — 

Water. — A  weighed  quantity  of  about  5  grms.  is  finely 
divided,  and  dried  in  the  oven  at  105°  C,  until  constant 
in  weight. 

Ash. — The  dried  product  obtained  in  the  determination 
of  the  moisture  is  cautiously  burnt  until  all  carbonaceous 
matter  is  volatilised.  The  proportion  of  ash  should  not 
exceed  1  to  1*5  per  cent.,  unless  the  sample  has  been 
coloured  with  mineral  colouring  matter,  such  as  ochre. 

Fat. — This  may  be  estimated  by  extracting  5  grms.  of 
the  finely  ground  sample  in  an  extraction  thimble  with 
ether  or  light  petroleum  spirit,  by  means  of  a  Soxhlet 
apparatus.  The  extracting  liquid  is  collected  in  a  small 
weighed  flask,  which,  when  extraction  is  complete,  is 
detached  from  the  Soxhlet  apparatus,  the  solvent  distilled 
off,  and  the  residual  fat  weighed,  after  being  dried  in  the 
oven  at  105°  C. 

Kreutz  (Zeit.  Untersiich.  Nahr.  Oenussm.,  1908,  584- 
586)    recommends    melting    the     sample     with     chloral 
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alcoholate  prior  to  extraction  with  ether.  From  2  to 
3  gi-ms.  of  the  chocolate  are  placed  in  a  smaU  flask  with 
3  to  4  grms.  of  chloral  alcoholate,  and  the  mixture  melted 
by  heating  on  a  water -bath.  The  hot  mass  is  well  stirred 
with  10  to  15  c.c.  of  ether,  a  further  35  c.c.  of  ether  added, 
and,  after  thorough  shaking,  the  mixture  is  filtered  through 
a  dry  filter.  The  filtrate  is  passed  through  the  filter 
again  and  again  until  perfectly  bright,  and  the  residue 
on  the  filter  washed  three  times  with  ether.  The  ether 
is  then  distilled  off,  and  any  chloral  alcoholate  removed 
by  heating  the  residue  to  about  75°  C,  under  reduced 
pressure.  The  residue  obtained  is  extracted  with  carbon 
tetrachloride  and  filtered  to  eliminate  a  little  theobromine 
and  colouring  matter,  the  filtrate  evaporated  in  a  weighed 
flask,  and  the  residue  of  fat  dried  in  the  oven  at  105°  C. 
and  weighed. 

For  the  examination  of  the  fat  a  larger  quantity  may 
be  prepared  by  simply  shaking  up  about  15  to  20  grms. 
of  the  finely  ground  sample  in  a  stoppered  bottle  with 
three  or  four  successive  quantities  of  petroleum  spirit, 
allowing  the  mass  to  settle,  poiu-ing  off  the  solvent,  and 
evaporating  it.  The  residual  fat  should  then  be  examined 
for  its  refi'active  power,  its  Reichert-Meissl-Polenske 
values,  its  saponification  value,  its  iodine  value,  and  its 
titre. 

Genuine  cacao  butter  gives  a  refi'actometer  reading  at 
35°  C.  of  about  49°,  has  a  Reichert-Meissl  value  of  1  or 
rather  less,  a  saponification  value  of  about  286  to  290, 
an  iodine  value  of  about  34,  and  a  titre  of  about  48°  C. 
Coconut  oil  has  a  refractive  power  of  only  about  37°, 
and  is  thus  readily  detected  by  this,  as  also  by  the  much 
increased  saponification  value  and  reduced  iodine  value, 
and  the  increased  Reichert-Meissl  figure. 
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Coconut  stearine  also  increases  the  saponification  value, 
reduces  the  iodine  value,  and  raises  the  Keichert-Meissl 
figure.  Palm-nut  stearine  increases  the  saponification 
value,  reduces  the  iodine  number,"  and  slightly  raises  the 
Reichert-Meissl  figure,  its  own  Reichert-Meissl  value 
being  about  2-2. 

Of  the  other  fats  said  to  be  used  as  substitutes  for  cacao 
butter,  and  mentioned  in  Chapter  VIII,  p.  117  : — 

DikUy  or  Gaboon  Fat,  raises  the  saponification  value, 
lowers  the  iodine  value,  but  does  not  affect  the  lleichert- 
Meissl  figure. 

Borneo  T allow ,  or  Tankawaiig  Fat,  has  analytical  values 
very  similar  to  those  of  cacao  butter. 

Illipe  Fat  has  a  much  higher  iodine  value  (54  to  68). 
(See  also  p.  117.) 

Fibre. — Tliis  is  best  estimated  by  Allen's  .  method 
(Commercial  Organic  Analysis,  iii..  Part  II.,  p.  567),  in 
which  2  grms.  are  freed  from  fat,  and  boiled  for  thirty 
minutes  under  a  reflux  condenser  with  200  c.c.  of  water 
and  2 1  c.c.  of  sulphuric  acid.  The  liquid  is  filtered 
through  linen,  and  the  residue  thoroughly  washed  with 
hot  water  and  boiled  with  200  c.c.  of  1 J  per  cent,  solution 
of  sodium  hydi*oxide.  The  residue  is  filtered  off,  washed 
with  hot  water,  alcohol,  and  ether,  and  dried  at  1 10°  C. 
and  weighed.  It  is  then  ignited,  and  the  loss  regarded 
as  crude  fibre. 

Total  Nitrogen. — Tliis  is  estimated  on  about  2  grms. 
of  chocolate  by  the  Kjeldahl  method.  In  an  ordinary 
chocolate  it  is  normally  about  1  per  cent.,  and  in  a 
milk  chocolate  slightly  higher.  In  a  plain  chocolate  the 
proportion  of  nitrogen,  multiplied  by  20,  will  give  the 
percentage  of  fat-free  cocoa. 

Sifgar. — This  may  be  determined  in  plain  chocolate  by 
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means  of  a  polarimeter,  a  20  per  cent,  aqueous  solution, 
which  is  clarified  with  lead  acetate  in  the  ordinary  way, 
being  used.  In  the  case  of  milk  chocolate  the  introduc- 
tion of  lactoso  complicates  the  determination  slightly, 
but  estimation  of  the  copper-reducing  power  enables  the 
lactose  to  be  calculated,  and  an  allowance  made  for  its 
effect  on  the  optical  rotation. 


CHAPTER  X 

STATISTICS  OF  THE  TRADE  IN  EDIBLE  OILS 

In  basing  any  conclusions  as  to  the  consumption  of  edible 
oils  upon  the  figures  published  by  the  Customs  authorities 
of  different  countries,  allowance  must  be  made  for  the 
fact  that  in  many  cases  (e.  g.  seed  oils)  it  is  not  possible 
to  distinguish  the  quantities  used  for  food  from  those 
used  for  soap  and  lubricating  purposes. 

United  Kingdom  Trade. — The  following  figures  are 
taken  from  the  tables  published  annually  by  the  Board  of 
Trade,  and  show  the  import  of  oils  during  the  ten  years 
ending  1908  :— 


Oils. 

1899. 

1900. 

1901. 

1902. 

1903. 

Coconut      .  owts. 
Olive     .      .  tuns 
Palm     .     .  cwts. 
Seed  oils     .  tuns 

458,297 
15,939 

945,472 
46,416 

552,743 
12,044 

938,350 
41,131 

478,143 

15,488 

1,212,111 

48,842 

495,860 

18,978 

1,446,298 

35,454 

782,632 

14,486 

1,234,004 

36,001 

Oils.                        1901.               li>'>5. 

1906.             1907. 

1908. 

Coconut     .  cwts.      616,238     613,165 
Olive     .     .  tuns         15,101         7,690 » 
Palm     .      .  cwts.  1,309,176  1,144,368 
Seed  oils     .  tuns         10,563          3,309  ^ 

335,545       335,781 
9,4191         7,3911 
1,223,787    1,508,023 
1,786*         1,111 1 

555,335 
6,330* 
1,317,995 
2,203* 

*  Not  including  refined  oiL 

.  The  amounts  of  the  chief  edible  oils  and  their  value 
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imported  into  this  country  during  the  three  years  ending 
1909  were  as  follows  : — 

Imports 


Exports 


OU.etc. 

1907. 

1908. 

1909. 

1907. 

1908. 

1909. 

Crude:— 

£ 

£ 

£ 

Coconut     .  cwts. 

56,058 

56,887 

61,247 

95,074 

79,563 

89.327 

Olive    .     .  tuns 

26 

70 

... 

1,341 

3,915 

Palm    .     .  cwts. 

4,946 

415 

1,787 

7,568 

543 

2,664 

Refined  :- 

... 

846,037 

705,020 

822,923 

Butter       .  cwts. 

12,305 

10.045 

9,214 

68,591 

59,324 

64,826 

Lard     .      .  cwts. 

9,634 

8,118 

5,506 

26,340 

22,340 

18,722 

ImiUtion\  ^    .„ 
lard      )  °^^- 

568 

683 

• 

792 

1,000 

1,008 

1,604 

In  the  case  of  the  crude  oils  mentioned  in  the  above 
tables  it  is  probable  that  the  bulk  was  used  for  technical 
purposes. 

It  is  interesting  to  note  the  effect  of  the  War  upon  the 
imports  and  exports  of  edible  oils  and  oil-seeds  as  shown 
by  the  figmcs  for  the  years  from  1913tol919: — 
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Nuts  and  Kernels  for  Expressing  Oil 
Imports  from  all  Sources 


1918. 

1914. 

1916. 

1916. 

1917. 

1918. 

1810. 

Copra    .  tons 
Arachis  nuts 
Pnlm-kenieU 
Other  aorta  . 

80,868 
60,350 

66,494 

74,797 
87,566 

48,640' 

233,249 
96,448 

62,400 

248,501 
69,121 

82,400 

187,578 

348,160 

9,218 

7,980 
185,768 
296,884 

4,879 

71^1 
107,108 
S04.4S8 

1«,7»1 

Oils 
Imports 


Fish  oils,  etc.     .     .  tons 
Animal  oils   .     .     .  cw-ts. 
Coconut  (unrefined)  cwts. 
Olive  (rcflncd)   .     .  tuns 
Cotton-seed  oil  (re- 
fined    ....  tons 
Soya-bean  oil     .     .  tons 
Other  seed  oils  (ex- 
cepting      linsieed 
and  rape  oils)     .  tons 
Oleomargarine  and 
refined  tallow    .  cwts. 


1913. 

70,886 

224,324 

646,742 

G,16S 

1914. 

52,537 

192,134 

309,417 

6,388 

1915. 

1916. 

108,867 

51,776 

164,943 

5,180 

1917. 

1918. 

1919. 

91,872 

191,029 

323,332 

6,213 

62,726 

27,353 

27,666 

2,179 

64,421 

67,278 

8,792 

2,970 

64,775 

178,777 

473,099 

4,030 

16,586 

19,866 

33,771 

10,098 

8,537 
8,502 

17,264 
596 

25,541 
29,688 

20,380 

24,814 

42,168 

48,471 

9,771 

2,471 

7.482 

877,657 

368,676 

645,767 

660,684 

626,406 

1,488,099 

1,009,744 

Exports 


1913. 

1914. 

1916. 

1916. 

1917. 

1918. 

1919. 

Refined  Coconut    .     cwts. 

58,913 

66,260 

100,599 

39,293 

10,436 

17 

8.812 

Palm  and  palm-kernel 

15,168 

20,153 

47,858 

30,232 

Pahn-kemel     .     .    cwt«. 

— 

— 

— 

94,861 

26,290 

3,658 

Cotton-seed.     .     .    tons 

26,013 

27,062 

21,506 

2,407 

633 

51 

3,708 

Soya-bean        .     .    tons 
Other  seed  oils 

9,390 

9,321 

13,473 

4,554 

608 

1,089 

2,287 

3,160 

3,060 

1,620 

7,176 

5,004 

1,642 

Oleomaivarine  and 
anknalfat  .     .     cwts. 

258,608 

181,191 

166,120 

74,689 

14.579 

2.489 

31.583 

According    to    statistics    published    by    Slaus-Kant- 

schlieder  (Chem.  Rev,  Feit  Ind.,  1909,  xvi.  223-231),  the 
12 
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importations  into  Nice  amounted  to  8,264,900  kilos  in 
1907,  as  compared  with  11,917,200  kilos  in  1906. 

The  quantities  of  olive  oil  exported  from  Nice  to  various 
countries  dming  the  two  years  were  as  follows  : — 


Exported  to— 

1906. 

1907. 

. 

KIkW. 

KUo8. 

Austria-Hungary      ..... 

361,000 

370,000 

Germany 

. 

748,000 

749,000 

Russia    . 

1      436,000 

624,000 

England 

234,000 

206,000 

Switzerland 

313,000 

289,000 

Boumania 

70,000 

123,000 

Servia     . 

14,000 

21.000 

Bulgaria 

4,000 

5,200 

Italian  Trade  in  Olive  Oil. — The  Italian  Customs 
authorities  give  the  follo\^ing  details  of  the  exports  of 
refined  and  other  grades  of  olive  oil  during  the  three 
years  ending  1907,  the  quantities  being  in  quintals  (one 
quintal  equals  220-46  lbs.)  :— 


Refined  Olive  Oil 


Exported  to- 

1907. 

1906. 

19W. 

Quintals. 

QuinUte. 

Quintals. 

United  States          .... 

29,188 

71,400 

38,687 

Austria-Hungary    .... 

28,998 

22,203 

7,752 

Germany 

15,690 

11,132 

5,490 

Great  Britain           .... 

5,861 

9,432 

4,102 

Holland 

12,648 

73,519 

8.403 

Switzerland 

7,626 

11,294 

6.936 

Other  Countries      .... 

16,353 

19,286 

4,867 

8,636 

8.894 

4,900 

Totals        .... 

123,900 

227,159 

81,137 

Total  Vftlu... 

$1,471,122 

$2.n.'»l.fl.'-,2 

$945.(K)0 
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Other  Grades  of  Olive  Oil 


Bxportcd  to— 

1907. 

1006. 

190ft. 

Quintals. 

QainUls. 

QaintalB. 

Austria- Hungary  . 

n),oi3 

25,834 

18,293 

France 

«0,7«6 

116,312 

43,191 

Germany      . 

17,793 

21,222 

11,058 

Great  Britain 

26,000 

29,739 

22,1H4 

Russia 

26,077 

22,854 

29,765 

Switzerland 

7,124 

8,819 

5,6(» 

Egypt 

2,636 

5,810 

1.956 

United  States 

82,198 

95,258 

52,577 

Brazil 

14,495 

12,320 

8,820 

Argentina 

90,347 

109,194 

58,256 

Uruguay 

9,402 

8,190 

3,893 

Other  Countries    . 

32,976 

33,032 

17,440 

Totals 

388,427 

488,584 

273,101 

Total  Values     . 

$9,370,801 

$11,787,041 

$6,852,104 

Grand  Totals 

512,327 

715,743 

354,238 

Grand  ToUl  Values  . 

$10,861,923 

$13,838,693 

$7,797,704 

Spanish  Oil  Trade. — Some  interesting  details  of  the 
production  of  olive  oil  in  Spain  were  given  in  the  Board  of 
Trade  Journal  for  September  1907.  The  average  output 
of  the  oil  was  estimated  at  200,000  metric  tons.  In  1906 
it  amounted  to  133,665  tons  (metric),  as  against  149,249 
tons  in  1905.  The  deficiency  in  the  crop  of  1906  accounted 
for  the  falling-off  of  the  exports  of  oil  in  that  year,  though 
owing  to  the  official  pecuniary  encouragement  given  to 
the  manufactiu-e  of  seed  oils  in  Spain,  there  was  not  a 
corresponding  increase  in  the  importations  of  oils  employed 
as  substitutes  for  olive  oil. 

The  imports  of  seed  oils,  coconut  and  palm -nut  oils 
and  oil  seeds  into  Spain,  and  the  exports  of  olive  oil  during 
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the  years  1905  and  1906  and  the  first  six  months  of  1907, 
were  as  follows  : — 


Spanish  Oil  Trade 

1905. 

190C. 

Fiisc 

six  months 

of  1907. 

Imports : — 
Seed  oil     . 
Coconut  and  palm 
Oil  seeds    . 

Export  ;— 
Olive  oil    . 

-nut  oil    . 

Metric  tons. 

684 

279 

39,526 

34,228 

Metric  tonn. 

895 

548 

45,233 

18,911 

Metric  tons. 
330 
400 
32,917 

6,160 

The  further  development  of  the  olive-oil  trade  in  Spain 
is  illustrated  by  the  following  figures  from  the  Board  of 
Trade  Journal  for  June  1917  : — 


Oliyes.                  i               OUreOil. 

1914     .... 
1916     .... 
1916     .... 

Metric  tons. 
1,181,431 
1,772,887 
1,146,699 

Metric  tons. 
207,765 
326.108 
207,115 

Vegetable  Oil  Trade  in  France. — The  following  details 
of  the  trade  of  France  in  vegetable  oils  are  given  by  the 
Oil,  Paint,  and  Drug  Eep.,  April  4,  1910  : — 

During  1909,  141,080  metric  tons  of  copra  (coconut 
pulp)  were  imported  into  France  as  against  169,357  tons 
in  1908,  and  110,008  tons  in  1907,  nearly  the  whole  of  the 
quantity  going  to  Marseilles. 

About  40  per  cent,  of  the  imports  were  from  the 
Philippines,  29  per  cent,  from  the  Dutch  Indies,  9  per 
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cent,  from  British  India,  8  per  cent,  from  Mauritius,  and 
the  remainder  from  other  countries. 

The  total  values  of  oil  products  used  in  France  in  1909 
were  officially  estimated  at  £2,044,500,  including :  Arachis 
nuts,  £4,611,000;  linseed,  £1,999,800;  sesam^  seed, 
£892,000 ;  mustard  and  Indian  rape  seed,  £864,000 ;  poppy 
seed,  £399,800;  and  cotton  seed  (chiefly  Egyptian), 
£262,000. 

The  following  figures  show  the  imports  of  oil  seeds  into 
Marseilles  diu-ing  the  three  years  : — 


1907. 

1908. 

1909. 

Tons, 

Tons. 

Tons. 

Se8am6         .... 

68,836 

41,749 

64,087 

Arachis  nuts,  shelled      . 

113,219 

85,663 

170,012 

Arachis  nuts,  unshelled 

123,304 

102,188 

166,066 

Linseed        .... 

21,202 

17,086 

16,962 

Rape  and  ravison 

6,082 

2,202 

5,796 

Poppy  seed 

4,108 

2,334 

2,356 

Castor  seed  .... 

16,370 

18,111 

11.563 

Pulghere      .... 

620 

709 

1,818 

Cotton  seed 

15,884 

14,497 

14,249 

Niger  and  kapok  . 

6,351 

3,701 

5,118 

Copra           .... 
Palm  kernels 

109,744 

163,999 

136,666 

4,412 

1,675 

3,639 

Mowrah,  illipe,  etc 

12,781 

11,146 

8,856 

Totals      . 

501,811 

465,049 

596,166 

The  only  oils  imported  in  any  quantities  were  cotton- 
seed, olive,  and  palm  oils,  the  average  importations  of 
which  during  the  last  five  years  were  : — 

Tons. 

Cotton-seed  oil 24,000 

OUveoil 22,000 

Palm  oil 16.000 


The  copra  imported  is  chiefly  used  in  the  manufacture 
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of  soap,  though  about  a  third  is  manufactured  into  edible 
coconut  oil  and  vegetable  butters. 

The  coconut  oil  exported  from  Marseilles  (chiefly  to 
England,  the  United  States,  Switzerland,  and  Austria) 
amounted  to  23,840  tons  in  1909,  whilst  22,726  tons  were 
sent  from  Marseilles  to  other  parts  of  France. 

Oil-seed  Trade  in  India. — The  trade  in  arachis  nuts 
was  greatly  affected  by  the  War,  the  exports  being  reduced 
by  about  50  per  cent.  This  was  mainly  owing  to  the 
shortage  of  transport  and  high  freights,  but  especially 
to  the  susjiension  of  the  demand  from  Marseilles.  In 
1913  about  80  per  cent,  of  the  total  exports  of  arachis 
nuts  from  India  went  to  France. 

The  cotton-seed  trade  being  mainly  with  the  United 
Kingdom  was  much  less  affected  than  the  exports  of 
sesame  or  arachis  seeds. 

The  following  figures  given  by  the  Board  of  Trade 
Journal  for  1916,  show  the  exports  of  oil  seeds  from  India 
in  1914  and  1915  :— 


1913-1914. 

1914-191ft. 

Copra   .... 
Cotton  seed  .. 
Arachis  nuts  . 
Sesam^seed  . 

Tons. 

3,800 

281,000 

278,000 

112,000 

Tons. 

32,000 
208,000 
138,000 

47,000 

Cotton-seed  Oil  in  the  United  States.— The  growth  of 
the  now  gigantic  cotton-seed  oil  industry  in  the  United 
States  is  illustrated  by  the  following  figures  given  by  the 
Oil,  Paint,  and  Drug  Rep.,  June  7,  1909,  which  show  the 
production  and  exports  of  the  seed  and  its  product  since 
1872:—. 
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Production  of  Cotton  Seed  and  Oil 


Cotton  Seed. 

Year  ending 
Juno  80. 

on 

Produced. 

Oakeand 

Meal 
Pndooed. 

Produced. 

Manufaotored. 

Tons. 

Tona. 

Qallons. 

Tons. 

1909    . 

5,903,838 

3,669,747 

140,789,880 

1,491,752 

1908    . 

4,952,402 

2,564,873 

103,049,820 

1.043,080 

1907    . 

5,912,646 

3,843,981 

153,759,240 

1,785,804 

1906    . 

5,060,205 

3,131,175 

125,700,928 

1,271,740 

1904    . 

4,716,591 

3,241,426 

121,877,618 

1,155,568 

1902    . 

4,630,311 

3,154,417 

118,606,079 

1,124,560 

1900    . 

4,668,346 

2,479,386 

93,326,729 

884,391 

1890    . 

3,494,811 

873,702 

34,948,000 

305,800 

1880    . 

2.615.608 

235,404 

9,416,000 

82,400 

1875    . 

1,686,516 

84,325 

3,373,000 

29,500 

1872    . 

1,317,637 

62,705 

2,108,000 

18,400 

Exports 


Year 

eudinsf 

Juuc  30.» 

Cotton  Seed. 

Oil. 

Cake  and  Meal. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

1909 
1908 
1907 
1906 
1904 
1902 
1900 
1890 
1880 
1875 
1872 

Tons. 

14',239 
8,814 

11,859 
6,430 

28,202 

24,928 
3,830 
6,071 
2,658 
3,180 

$ 

353,213 

209,493 

268,330 

141,174 

509,627 

346,230 

74,575 

134,116 

63,128 

72,212 

Gallons. 

41,029,991 

41,880,304 

43,793,619 

29,013,743 

33,042,848 

46,902,390 

13,384,385 

6,997,796 

417,387 

547,165 

1 

17,2*26,451 

17,074,403 

13,673,370 

10.717,280 

12,992,393 

14,127,538 

5,219,178 

3,225,414 

216,640 

293,546 

Tons. 

464**644 
670,484 
555,417 
410,175 
525,233 
571,852 

« 

11,8*8*9,415 
17,062,594 
13,073,100 
9,134,088 
12,271,009 
11,229,188 

*  The  figures  in  this  table  relate  to  the  seed  crop  of  the  previous  year. 

*  Not  separately  shown. 
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Acetic  acid,  1 1 
Acid — 

Acetic,  11 

Arachidic,  11,  142 

Behenic,  11 

Butyric,  11 

Capric,  11 

Caproic,  1 1 

Caprylic,  11 

Camaiibic,  11 

Cerotic,  11 

Clupanodonic,  14 

Doeglic,  12 

Erucic,  12 

Hypoga»ic,  12 

Isolinolenic,  14 

Isovaleric,  11 

Jecoric,  14 

Laurie,  11 

Lignoccric,  11,  142 

Linolenic,  14 

Linolic,  14 

Margaric,  7 

Melissic,  11 

Myristic,  11 

Oleic,  12 

Palmitic,  11 

Physetoleic,  12 

Rapic,  12 

Ricinolenic,  15 

Stearic,  II 

Tariric,  14 

Telfairic,  14 

Tiglic,  12 
Acid  value,  16 
Acidity  of  lard,  88 
Acids,  volatile  fatty,  12 
Alcohols  in  fats,  15 
Alkaline  earths,  refining  with,  41 
Analysis  of  oil,  89 
Analytical  values,  15 
Arachidic  acid,  11,  142 


Arachis  oil,  21,  107,  142 

adulteration  of,  142 

analysis  of,  142 

constituents  of,  108 
Artificial     colouring     matter     in 

butter,  78,  159 
Artificial  flavouring  in  margarine, 

102 
Azo  dyes,  79,  101 

Barium  values,  155 
Becchi's  test,  141 
Behenic  acid,  1 1 
Bleaching  of  oils,  42 
with  charcoal,  42 
fuller's  earth,  43 
hydrosulphites,  46 
hyposulphites,  46 
organic  peroxides,  47 
ozone,  45 

sodium  bisulphite,  47 
Borax  in  butter,  67 
Boric  acid  in  butter,  68 
Borneo  tallow,  26,  117 
Boron  compounds,  161 
Bromine  absorption,  126 

thermal  value,  137 
Brown  grease,  83 
Butter,  3,  60,  143 
abnoimal,  73 
analysis  of,  143 
artificial  colouring  matters  in, 

78,  159 
borax  in,  68 
boric  acid  in,  68 
cacao,  27,  114 
casein  in,  158 
chemical  characteristics  of,  70- 

79 
coconut  oil  in,  76,  147 
commercial,  61 
composition  of,  61 
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Butter,  curd  in,  63,  158 

Dutch,  73 

fat,  60,  144 

composition  of,  61 

illip6,  26,  117 

influence  of  food  of  cows  on,  76 

Irish,  74 

keeping  properties  of,  63-66 

mahua,  117 

milk-blended,  62 

oil,  23,  67 

physical  characteristics  of,  69 

preservatives  in,  67,  161 

"  process,"  66 

rancidity  of,  65 

refractometric  examination  of, 
70 

renovated,  66-67 

salt  in,  62,  158 

shea,  31,  144 

solubility  of,  69 

vegetable,  19,  102 

water  in,  62,  144 
Butterine,  95 
Butyric  acid,  1 1 
Butyrin,  7,  8 
Butyro-refractometer,  70 

Cacao  butter,  27,  114 

Capric  acid,  1 1 

Caprin,  8 

Caproic  acid,  1 1 

Caproin,  8 

Caprylic  acid,  1 1 

Caprylin,  8 

Camaubic  acid,  1 1 

Casein  in  butter,  158 

Catalytic  hydrogenation,  53 

Catalysts,  55 

Caustic  soda,  refining  with,  39 

Cerotic  acid,  1 1 

Ceylon  oil,  27 

Charcoal,  bleaching  with,  38,  42 

Cheese,  168 

Chemical  methods  of  refining,  39 

Chocolate,  170 

Chocolate  cream,  115 

(Jhocolate  fats,  1 14 

('hoice  lard,  83 

('hoice  steam  lard,  83 

Cholesterol,  15 


Clodding  press,  33 
Clupanodonic  acid,  14 
Cochin  oil,  27 
Cocoa,  170 
Coconut  oil,  27 

analysis  of,  116 

deodorisation  of,  47-50 

in  butter,  76 

stearine,  116 
Colouring  matter  for  margarine, 
100 

matters,  artificial,  in  butter,  78, 
159 
Combustion  of  fats,  2 
Ck)mmercial  butter,  61 

grades  of  lard,  82 
Constitution  of  fats,  1,  4 

oils,  1,  4 
Com  oil,  23 
Cotton-seed  oil,  23,  110 

winter,  112 

stearine,  28,  112 

trade  in,  182 
Coumarine,  102 
Crystals  of  lard,  84 
Culinary  oils,  103 
Curd,  amount  of,  in  butter,  168 

Decroline,  47 
Demargarinated  oil,  103 
Deodorisation  of  coconut  oil,  47-60 

of  fats,  47 
Digestibility  of  fats,  oils,  3 
Diglycerides,  6 
Dikafat,  117,  173 
Doeglic  acid,  12 
Dripping,  2 
Drying  oUs,  19 
Dutch  butter,  73 
Dyes,  159 

Earth-nut  oil,  21,  107,  142 
Elaidint«8t,  13,  138 
Erucic  acid,  12 
Extraction  of  oil,  34 

Fat  as  food,  1 
Fat,  butter,  60-144 

dika,  117-173 

goose,  7 

ilHp^  26,  117 
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Fat,  tankawang,  117 

turkey, 7 
Fats,  chocolate,  170 

constitution  of,  1,4 

dcodorisation  of,  47 

liydrogenatcd,  56 

vegetable.  19,  114 

treatment  of  rancid,  60 
Fatty  acids,  volatile,  12 
Filtration,  methods  of,  38 
Flare  lard,  82 

Flavouring,  artificial,  in    marga- 
rine, 102 
Fluorides,  68,  164 
Food,  fat  as,  1 

value,  3 
Foots,  110 

Fonnulse  for  margarine,  100 
Free  fatty  acids,  121 
French  salad  oil,  109 

oil  trade,  180 
Fuller's  earth,  bleaching  with,  43 

Gingelly  oil,  109 

Glycerides,  4,  5 

Goose  fat,  7 

Grades,  commercial,  of  lard,  82 

Grease,  brown,  83 

pig's  foot,  83 

white,  83 

yellow,  83 
Green  butter,  27 
Guts,  83 

Hardened  fats,  57 
Halphen's  test,  142 
Hazel-nut  oil,  23 
Hehner  value,  17,  71 
Huiles  d'enfer,  104 

toumantes,  104 
Hyajnic  acid,  1 1 
Hydraldite  C,  47 
Hydraulic  presses,  23 
Hydrogen,  preparation  of,  56 
Hydrogenated  fats,  56 

oils,  58 
Hydrogenation  apparatus,  54 

of  oils,  53 
Hydrosulphites,  bleaching  with,  46 
Hypogseic  acid,  12 
Hyposulphites,  bleaching  with,  46 


IlHp^  butter,  26,  117 

fat,  117 
Iodine  value,  17,  124 

of  lard,  89 
Irish  butter,  74 
Isolinolcnic  acid,  14 
Isovaleric  acid,  1 1 
Isovalerin,  8 
Italian  olive  oil  trad«',  178 

Jecoric  acid,  14 

Keeping  properties  of  butter,  63- 

66 
Kokerite  palm,  31 

Lard,  21,  80 

acidity  of,  88 

amount  of  water  in,  88 

analysis  of,  86,  167 

choice  (steam),  83 

commercial  grades,  82 

composition  of,  83 

crystals,  84 

examination  of,  167 

guts,  82 

influence  of  food  on,  86 

iodine  value,  89 

leaf,  82 

neutral,  83 

oil,  21,  90 

prime,  83 

pure,  83 

rendering  of,  80 

water  in,  88 
Laurie  acid,  1 1 
Laurin,  8 

Lignoceric  acid,  11 
Linolenic  acid,  14 
Linolic  acid,  14 
Linseed  oil,  25 

Mafura  tallow,  118 
Mahua  butter,  118 
Maize  oil,  23,  106 
Malabar  tallow,  118 
Margaric  acid,  7 
Margarine,  3,  92 

analysis  of,  166 

artificial  flavouring,  102 
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Margarine,  colouring  matter,  100 

composition  of,  100 

formulae  for,  100 

hydrogenatcd  oils  in,  101 

manufacture  of,  96 

modem  process,  96 
Maumen6  test,  136 
Mege-Mourieij  process,  92 
Melissic  acid,  1 1 
Methods  of  filtration,  38 
Milk- blended  butter,  66 
Mixed  glycerides,  7 
Mkanifat,  118 

Modem  process  margarine,  96 
Monoglycerides,  6 
Mowrah-seed  oil,  26 
Myristic  acid,  11 
Myristin,  8,  9 

Nagel's  process,  51 
Neutral  lard,  83 
Nut  butter,  102 


Oil 


Arachis,  21,  107,  142 
Butter,  3 
Ceylon,  27 
CkKjhin,  27 
Coconut,  27,  115 
Com,  23 

Cotton-seed,  23,  110 
Demargarinatcd,  105 
Earth-nut,  21 
French  salad,  109 
Gingelly,  109 
Lard,  21,  90 
Maize,  23,'  106 
Mowrah-seed,  26 
Olive,  22,  103,  138 
Palm,  29 

kemel,  30,  115 

nut,  30 
Peanut,  21 
Poppy,  113 
Sesam6,  24,  109 
Soya  bean,  24 
Sunflower  (seed),  24.  112 
Teel,  109 

Tea-seed,  106,  141 
Virgin,  103 
Winter,  105 


Oils- 
bleaching  of,  42 

constitution  of,  1,  4 

pvrene,  104 

salad,  103 

semi-drying,  19 

sulphocarh^n,  104 

summer,  38,  105 

winter,  38,  105 
Oleic  acid,  12,  13 
Olein,  8,  10 

Oleomargarine,  93,  96,  100 
Oleo-oil,  96 

Oleo-refractometer,  129 
Oleo-stearine,  96 
Olive  oil,  22,  103,  138 
Olive-kernel  oil,  22 
Organic  peroxides,  bleaching  with, 

47 
Ozonair  apparatus,  46 
Ozone,  bleaching  with,  46 

Palm  oil,  29 

kemel  oil,  30 
analvsis  of,  86 
oils,\30 
stearine,  116 
Palm-nut  oil,  30,  115 

stearine,  116 
Palmitic  acid,  11 
Palmitin,  5,  9 
Peach-kemel  oil,  23 
Peroxides,  bleaching  with  organic, 

47 
Per-salts,  47 
Physetoleic  acid,  12 
Physical  characteristics  of  butter, 
69 

methods  of  refining,  36 
Physiological  considerations,  2 
Phytosteryl  acetate  test,  131 
Pig's  foot  grease,  83 
Piney  tallow,  118 
Polenske's  test,  77 
Poppy  oil,  113 
Premier  jus,  95 

Preservativea  in  butter,  67,  161 
Prime  steam  lard.  83 
'•  Proceaa  "  butter,  66 

M^ge-Mouries,  92 

Nagers,  51 
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Pyrene  oils,  104 

Rancid  fats,  treatment  of,  60 
Rancidity  in  oils,  52 

of  butter,  65 
llapic  acid,  12 
Raw  materials,  18 
Refining  with  alkaline  earths,  41 

caustic  8(Kla,  39 

of  oils,  36 

sodium  carbonate,  41 
silicate,  41 
Refractive  index,  129 
Refractometer,  129 
Refractomctric     examination     of 

butter,  70,  144 
Reichert  value,  17 
Reichert-Meissl  value,  17,  72,  145 
Removal  of  stearine,  37 
Rendering  of  lard,  80 
Renovated  butt<*r,  66 
Rice  oil,  23 
Ricinolcic  acid,  15 
Ricinolein,  8 
Rongalite  C,  47 

Salad  oils,  103 

Salt,  amount  of,  in  butter,  62,  168 

Saponification  value,  122 

Semi-drying  oils,  19 

Sesame  oil,  24,  109 

Sesamin,  109 

Sesamol,  109 

Shea  butter,  31,  118 

Sodium  bisulphite,  bleaching  with, 
47 
carbonate,  refining  with,  41 
silicate,  refining  with,  41 

Solidification  point,  127 

Solubility  of  butter,  69 

Sorting  tests,  134-138 

Soya  bean  oil,  24 

Spanish  oil  trade,  179 

Specific  gravity,  120 

Statistics  of  oil  trade,  175 

Steam  lard,  choice,  83 

Stearic  acid,  1 1 

Stearin,  9 

Stearine,  cotton- seed,  28 
removal  of,  37 


Stearine,  coconut  oil,  1 15 

palm- kernel  oil,  115 
Suet,  20 

Sulphocarbon  oils,  35,  104 
Summer  oils,  25,  38,  105 
Sunflower(-8eed)  oil,  24,  112 

Tallow,  20 

Borneo,  26,  117 

mafura,  118 

Malabar.  118 

piney,  118 

unrendered,  20 
Tankawang  fat,  117 
Tariric  acid,  14 
Tea-seed  oil,  106,  141 
Teel  oil,  109 
Telfairic  acid,  14 
Test,  elaidin,  138 

phytosteryl,  131 

Valenta's,  69,  134 
Tiglicacid,  12 

Treatment  of  rancid  fats,  50 
Triglycerides,  6,  8 
Turkey  fat,  7 

Unrendered  tallow,  20 
UnsaiK)nifiable  matter,  129 

Valenta's  test,  69,  134 
Value,  food,  3 

Hehner,  17,  71 

iodine,  17,  89 

Reichert,  17 

Reichert-Meissl,  17,  72,  145 
Vegetable  butter,  27,  102 

fats,  19 
Virgin  oil,  105 
Vitamines,  3 
Volatile  fatty  acids,  12 

Water,  amount  of,  in  butter,  62, 
144 

in  lard,  88 
Watts'     bichromate    process    of 

bleaching,  44 
White  grease,  83 
Winter  cotton-seed  oil,  112 
Winter  oils,  38,  105 

Yellow  grease,  83 
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